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Fo vTMPOMYniNS AND PROCE SS FOR THFIR PREPARATION 



ft yktiround ™ Thp Invention 



The present invention relates to novel polyketides and methods and means for preparing 
them, and specifically to nove. erythromycins that are usefu. as antibacterial and antiprotozoal 
agents and other applications (e g., anticancer, atherosclerosis, gastric motility reduction, etc.) in 
mammal, including man. as we,, as in fish and birds This invent.on also re.ates to pharmaceutical 
composes containing the nove. compounds and to methods of treating bacteria, and protozoa, 
.nfections in mamma.s. fish, and birds by administering the nove. compounds to mamma., fish and 

birds requiring such treatment. 

Po.yket.de biosynthetic genes or port,ons of them, which may be derived from different 
po.yke.ide biosynthetic gene clusters are manipulated to allow the production of novel 
erythromycins. 

PCyketides are a «arge and structurally diverse Cass of natura. products that inc.udes many 
compounds possessing antibiotic or other pharmacology, properties, such as erythromycin. 
tetracyCine, rapamyc, avermecfn. pCyether .onophore, and FK506. .n particu.ar. polyketides 
are abundant.y produced by Streptomyces and re.ated actinomycete bacteria They are 
synthesised by the repeated stepwise condensation of a C y.thioesters in a manner ana.ogous to 
that of fatty acid biosynthesis. The greater structural diversity found among natura. po.yket.des 
arises from the Section of (usua..y) acetate or propionate as "starter" or "extender units; and from 
the differing degree of processing of the p-keto group observed after each condensation 
Examp.es of processing steps include reduction to p-hydroxyacy.-. reduction followed by 
dehydration to 2-enoy.-. and complete reduction to the saturated acytthioester. The 
stereochemical outcome of these processing steps is also specified for each cycle of chain 
extension The biosynthesis of P o.yketides is initiated by a group of chain-forming enzymes 
Known as po.yketide synthases Two c.asses of po.yketide synthase (PKS) have been described 
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m actinomyce.es. However, the novel polyketides and processes wh,ch are the subject of th.s 
invent.on are S vnthes,sed by Type . PKSs. represented by the PKSs for the macrclides 
erythromycin, avermectin and rapamycin (Figure 1,. and consist of a different set or ■'module" of 
enzymes for each cyc.e of polyketide chain extension (Figure 2A> (Cortes. J. et a,. Nature (1 990) 
5 348.176-178; Donadio. S. et al. Science (1991) 252:675-679; MacNeil. D J. etal. Gene (1992). 
115:119-125: Schwecke. T etal. Proc. Natl. Acad Sci. USA (1995) 92:7839-7843). Note. The 
term "natural module" as used here.n refers to the set of confguous doma,ns. from a „ 
ketoacylsynthase ("KS") gene to the next acyl earner protein ("AGP", gene, which accomplishes 
one cyce of polyket.de chain extension The term "combinatorial module" ,s used to refer to any 
» group of contrguous domains (and doma.n parts), extending from a f.rst point in a first natura. 
module, to a second equivalent point in a second natura. modu.e. The firs, and second points w„, 
generally be in core doma.ns which are present in a„ modules, i.e.. both at equivalent points of 
respective KS. AT (acy. transferase). ACP domains, or in linker regi0 ns between domains 

Figure 2 shows the organisation of the erythromycin producng PKS. (also known as 6- 
deoxyerythronolide B synthase. DEBS) genes. Three open reading frames encode the DEBS 
Polypeptides. The genes are organised in six repeated units designated modules. The first open 
reading frame encodes the first multi-enzyme or cassette (DEBS1) which consists of three ' 
modules: the loading module (ea-ioad) and two extension modules (modules 1 and 2). The 
loading module comprises an acy, transferase and an acy. earner protein. This may be contrasted 
with Fig ure 1 0 f WG93/13663 (referred to below). This shows ORF1 to consist of on.y two 
modules, the first of which is in fact both the loading module and the first extension module. 

in-frame deletion of the DNA encoding part of the ketoreductase domain of modu.e 5 in 
DEBS has been shown to lead to the formation of erythromycin analogues 5.6^ideoxy-3- 
-mycarosyl-S^xoerythronolide B. S.e-dideoxy-S-oxoerythronolide B and 5.6^ideoxy-6.6 
-epoxy-5-oxoerythronolide B (Donadio. S etal. Science. (1991) 252.675-679). Likewise, 
alteration of active site residues ,n the enoylreductase domain of modu,e 4 in DEBS, by genetic 
engineer^ of the correspond^ PKS-encoding DNA and its introduction into 



SUBSTITUTE SHEET (RULE 26) 



WO 98/01571 



3 



PCT/GB97/01810 



Saccharopolyspora erythraea. led to the production of 6.7-anhydroerythromycin C (Donadio S. et 
al Proc Natl. Acad. Sci. USA (1993) 90:71 19-7123) 

International Patent Application number WO 93/13663. which is incorporated herein by 
reference in its entirety, describes additional types of genetic manipulation of the DEBS genes 

5 that are capable of producing altered polyketides However, many such attempts are reported to 
have been unproductive (Hutchinson C. R. and Fujii. I. Annu. Rev. Microbiol. (1995) 49:201-238. 
at p.231). The complete DfMA sequence of the genes from Streptomyces hygroscopicus that 
encode the modular Type 1 PKS governing the biosynthesis of the macrocyclic 
immunosuppressant polyketide rapamycin has been disclosed (Schwecke, T. et al. (1995) Proc. 

io Natl. Acad. Sci. USA 92:7839-7843) (Figure 3). The DNA sequence is deposited in the 
EMBUGenbank Database under the accession number X86780 

Although large numbers of therapeutically important polyketides have been identified, 
there remains a need to obtain novel polyketides that have enhanced properties or possess 
completely novel bioactivity. The complex polyketides produced by modular Type I PKS^s are 

15 particularly valuable, in that they include compounds with known utility as anthelmintics. 

insecticides, immunosuppressants, antifungal, and/or antibactenal agents. Because of their 
structural complexity, such novel polyketides are not readily obtainable by total chemical synthesis, 
or by chemical modifications of known polyketides. One aspect of the invention arises from our 
appreciation that a Type I PKS gene assembly encodes a loading module which is followed by 

20 extension modules. It is particularly useful to provide a hybrid PKS gene assembly in which the 
loading module is heterologous to the extension modules and is such as to lead to a polyketide 
having an altered starter unit. This is a concept quite unknown to the prior art since this does not 
recognise the existence of loading modules W093/13663 refers to altering PKS genes by 
inactivating a single function (i.e. a single enzyme) or affecting "an entire module" by deletion. 

25 insertion, or replacement thereof The loading assembly, in their terms, is not a module. 

If the loading module is one which accepts many different carboxylic acid units, then the 
hybrid gene assembly can be used lo produce many different polyketides. For example, a hybrid 
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gene assembly may employ nucleic ac,d encoding an gvr loading module wrth m extender 
modules. A loading module may accept unnatural acid units and derivatives thereof; the ayr 
loading module is particularly useful in this regard (Duttonet a, . (1991) J. Antibiot., 44 357-365, 
m addition.it ,s poss-ble to determine the specify of the natural load.ng module for unnatural 
5 starterunitsandtotakeadvantageottheretaxedspecf-cityofthe loading modu ( e to generate 
nove. peptide, Thus, another aspect of th.s invent.cn is the unexpected ability of the « 
-oading modu,e ,o incorporate unnatural carbox^c acds and derivatives thereof to produce nove, 
erythromycins ,n erythromycin-producng strains contain.no on,y DEBS gene, Of course one may 
also make a.terations within a product peptide part.cu.arly by replaong an ex.ens.on module by 

has generally been assumed that the stereochemistry of the methyl groups , the polyket.de cha.n 
.. detained by the acyl.ransferase. but i, is. in fact, a feature of other domains of the PKS and 
thus open to variation only by replacement of those doma.ns. .nd.v.dua.ly or by module 
replacement Meth, and other subsets can be added or removed by acyltransferase doma, 
rep.acement or tota, module replacement. Consepuently. ,t a.so becomes apparent to those 
skilted in the art that it is possible to combine the use of the relaxed substrate specificity of the 
erythromycin loading modu.e with extension module replacement and hybnd loading module 
substitution with extension module replacement as a mechanism to produce a wide range of nove, 
erythromycins. Thus, this .nvention describes the product-on of nove, erythromycins by non- 
transformed organisms and also such gene assemblies, vectors containing such gene assemblies 
and transform organisms that can express them to produce nove, erythromycins in transformed 
organisms ^nsformant organisms may harbour recombinant plasmids. or the p^ 
integrate. A P ,asmid wrth an ,nr sequence wi,. integrate ,nto a spectfic attachment site (arn of a 
hosfs chromosome. Transformed organisms may be capab,e o, modifying the initial products, 
e.g.. by carrying out all or some of the b.osynthetic mod.ficat.ons norma, in the production of 
erythromycins shown ,n Figure 2 B). However, wse may be made of mutant organ.sms such that 
some of the norma, pathways are b,ocKed. e g., to produce products without one or more "natural" 
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hydroxy-groups or sugar groups, for instance as described in WO 91/16334 or in Weber et al. 
(1985> J Bacteriol. 164:425-433 which are incorporated herein by reference in their entirety. 
Alternatively, use may be made o1 organisms in which some of the normal pathways are 
overexpressed to overcome potential rate-limiting steps in the production of the desired product. 
5 for instance as described in WO 97/06266 which is incorporated herein by reference in .ts entirety. 
This aspect of the method is largely concerned with treating PKS gene modules as 
building blocks that can be used to construct enzyme systems, and thus novel erythromycin 
products, of desired types. This generally involves the cutting out and the assembly of modules 
and multi-module groupings. Logical places for making and breaking intermodular connections are 
10 be in the linking regions between modules. However, it may be preferable to make cuts and joins 
actually within domains (La. the enzyme-coding portions), close to the edges thereof The DNA is 
highly conserved here between all modular PKSs. and this may aid in the construction of hybrids 
that can be transcribed. It may also assist in maintaining the spacing of the active sites of the 
encoded enzymes, which may be important For example, in producing a hybrid gene by replacing 
15 the ejy loading module by an ayr loading module, the ery module together with a small amount of 
the following ketosynthase (KS) domain was removed. The start of the KS domain (well spaced 
from the active site) is highly conserved and therefore provides a suitable splicing site as an 
alternative to the linker region between the loading domain and the start of the KS domain. The 
excised eiy module was then replaced by an ayi loading module. 
20 in fact, when substituting a loading module, it may be desirable to replace not just the 

loading module domains (generally acyl transferase (AT) and acyl carrier protein (ACP)). but also 
the KS at the start of the following extension module. Typically the excised loading module would 
have provided a propionate starter, and the replacement is intended to provide one or more 
different starters. Propionate, however, may feed into the KS of the extension module from a 
25 propionate pool in the host cell, leading to dilution of the desired produfcts. This can be largely 
prevented by substituting an extended loading module including all or most of the KS domain. 
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(The splice site may be in the end region of the KS gene, or early in the following AT gene, or the 
(inker region between them.) 

When replacing "modules", one is not restricted to "natural" modules. For example, a 
-combinatorial module" to be excised and/or replaced and/or inserted may extend from the 
5 corresponding domain of two natural-type modu.es. e.g.. from the AT of one module to the AT of 
the next, or from KS to KS. The spUce sites wil, be in corresponding conserved marginal regions or 
in linker regions A combinatorial module can also be a -double' or larger mutttpte. for adding 2 or 
more modules at a time. 

In a further aspect, the invention provides novel erythromycins obtainable by means of the 
K) previous aspects. These include the following: 

(i) An erythromycin analogue (being a macrolide compound with a 14-membered ring) in 
which C-13 bears a side-cha.n other than ethyl, generally a straight cha.n C3-C6 alkyl group, a 
branched C 3 -C 8 alkyi group. aC 3 <; 8 cycloalkyl or cvcloalkenyl group (optionally substituted, e.g.. 
with one or more hydroxy. C , . 4 alkyl or alkoxy groups or halogen atoms), or a 3-6 membered 
15 heterocycle containing O or S. saturated or fully or partially unsaturated, optionally substituted (as 
for cycloalkyl,. or R, is phenyl which may be optionally substituted with at least one substituent 
selected from C,-C 4 alkyl, C,-C 4 alkoxy and C-C, alkylthio groups, halogen atoms, trifluoromethyl. 
and cyano; or R, may be a group with a formula (a) as shown below: 



(CHfe) 



20 





wherein X is O. S or -CH ? , a. b. c. and d are each independently 0-2 and a + b + c + d < 5 Preferred 
candidates for the C-13 substituent R are the groups of carboxylate units RCOOR'. usable as 
substrates by an avr starter module, or rapamycin starter vanants. Preferred substrates are the 
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carboxylic acids RCOOH. Alternative substrates that can be effectively used are carboxylic acid 
satts. carboxylic acid esters, or amides Preferred esters are N-acetyl-cysteamine thioesters which 
can readily be utilised as substrates by the ayr starter module as illustrated by Dutton et al. in EP 
0350187 which is incorporated herein by reference in its entirety. Preferred amides are N-acyl 
5 im.dazo.es. Other alternative substrates that may be used are derivatives which are oxidative 
precursors for the carboxylic acids: thus, for examp.e suitable substrates would be amino acids of 
the formula RCH(NH ? )COOH. glyoxvlic acids of the formula RCOCOOH. methy.am, ne derivatives of 
the formula RCH ? NH, methanol derivatives of the formula RCH,OH, aldehydes of the formula 
RCHO or substituted alkanoic acids of the formula R(CH,) n COOH wherein n is 2. 4. or 6 Thus 
,o examples of preferred substrates include .sobutyrate (R=-Pr) and 2-methylbutyrate (R-1- 
methylpropyl). Other possibilities include n-butyrate. cyclopropyl carboxylate. cyclobutyl 
carboxylate. cyclopentyl carboxylate cyclohexyl carboxylate, cycloheptanyl carboxylate. 
cyclohexenyl carboxyiates. cycloheptenyl carboxylates. and ring-methylated variants of the cyclic 
carboxylates and the aforementioned derivatives thereof. 
,5 The erythromycin analogue may correspond to the initial product of a PKS (6- 

deoxyerythronolide) or the product after one or more of the norma, biosynthetic steps. As shown 
in Figure 2b these comprise: 6-hydroxylation: 3-0-glycosylation; 5-0-glycosylation: 12- 
hydroxylation; and specific sugar methylation. 

Thus, the analogues may include those corresponding to 6-deoxyerythronolide B. 
20 erythromycin A. and the various intermediates and alternatives (although not limited to those) 
shown in Figure 2b. 

(ii) Erythromycin analogues differing from the corresponding natural' compound (Figure 
2b) in the oxidation slate of one or more of the ketide units (i.e. se<ectk>n of alternatives from the 
group: -CO-. -CH(OH)-. =CH-. and -CH 2 -). 
25 The stereochemistry of any -CH(OH)- is also independently selectable 

(Hi) Erythromycin analogues differing from the corresponding natural' compound in the 
absence of a -natural' methyl side-chain (This is achievable by use of a variant AT). Normal 
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e*ens to n modules use ,„ he , ^ ^ ^ ^ ^ ^ ^ 

^^^^-"^^^n^ ^^^^^^^ 

systems where there are „ a , u ,a„ y 0 „ methyte)ed anfl ^ ^ ^ ^ ^ ^ ^ 

provide ethyl substrtuents. 

M Bltan ananas dittering , ram , hB co rr e sp „„ ang .„„,„,„,. ^ ^ 

stereochemistry o, natural- methy,; and*,, ring substtatnts other than memyi. 

M Bythromycin analogues having the teatures „, two „ r more 0 , sect|0ns „ „ ^ 
(V* Oenvatives o, any „, the ab0 ve „^ have un0ergone ^ ^ ^ ^ 

e"<ym=s. e.g . one o, more o, hydration, epoxide**, 3 , VC osy,a,io„. and nation 

MModi are descnbed for me product o. ,ne nove. erythromycins ot the present 
~ In ,h. simp.es, method. unnalura , * ar ,e, unils (pfe)e , ab , y ^ ^ ^ ^ ^ 

~" 8 ~°' *" ~ ~«- «•> - » ~rmed organisms 

capa»e o, producing ^ n , omycins A pre)erred approach woives ^ o) ^ ^ ^ 

1 n» ) ern,en 1 a font ,c ms „,,neery, h r„rn V c i ,.pro to ^„ g a rt srn.ana„ pro a c n ( ,n lcnismore 

anatogue can a,* * introduced to alternative prepare o, the erynrom^.p^ 
organs. ,o,.«mp,e. tracked 0 , un)raalonaIaJ ^ ^ ^ ^ 

^ ' " KS <*' *»■ TO » — — <» >*» * ONA encodir* 
respectively, individual modules or domains within the DEBS genes ol an erythroirtycin-producing 
organism. Ua*g mcduies and exte „ ao „ mMu|es ^ ^ ^ ^ ^ ^ ^ 

PKS.are S u,« bte ,or l his- a onor-P K s t »,p afl ic U ,an yS u a aP,e,o purpose are the components 

- Type I PKSs tor the aosy*he*so ( ery^omycin. rapamycin. avermectln. tetronasin 
oleandomycin, monensin. amphotehcin. and ntamycn. ,or which the gene and moouia, 
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specificity, for example, the loading module of the avermectin (avr)-producing PKS of 
Streptomyces avermitilis; or those loading modules possessing an unusual specificity, for 
example, the loading modules of the rapamycin-. FK506- and ascomycin-producing PKSs. all of 
which naturally accept a shikimate-<ierived starter unit. Unexpectedly, both the untransformed 

5 and genetically engineered erythromycin-producing organisms when cultured under suitable 
conditions have been found to produce non-natural erythromycins, and where appropriate, the 
products are found to undergo the same processing as the natural erythromycin. 

In a further aspect of the present invention, a plasmid containing "donor" PKS DNA is 
introduced into a host cell under conditions where the plasmid becomes integrated into the DEBS 

10 genes on the chromosome of the erythromycin-producing strain by homologous recombination, to 
create a hybrid PKS. A preferred embodiment is when the donor PKS DNA includes a segment 
encoding a loading module in such a way that this loading module becomes linked to the DEBS 
genes on the chromosome. Such a hybrid PKS produces valuable and novel erythromycin 
products when cultured under suitable conditions as described herein. Specifically, when the 

15 loading module of the DEBS genes is replaced by the loading module of the 

avermectin-producing (avr) PKS. the novel erythromycin products contain a starter unit typical of 
those used by the avr PKS. Thus, when the loading module of the ery PKS is replaced by the avr 
loading module, Saccharopolyspora erythraea strains containing such hybrid PKS are found to 
produce 14-membered macrolides containing starter units typically used by the avr PKS. 

20 It is unexpected that the 1 4-membered macrolide polyketides produced by such 

recombinant cells of S. erythraea are found to include derivatives of erythromycin A, showing that 
the several processing steps required for the transformation of the products of the hybrid PKS into 
novel and therapeutically valuable erythromycin A derivatives are correctly carried out. A further 
aspect of the present invention is the unexpected and surprising finding that transcription of any 

25 of the hybrid erythromycin genes can be specifically increased when the hybrid genes are placed 
under the control of a promoter for a Type II PKS gene linked to a specific activator gene for that 
promoter it is particularly remarkable that when a genetically engineered cell containing hybrid 
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e.ythromycin genes under such control is cultured under conditions suitable tor erythromycin 
production, significantly enhanced levels of the novel erythromycin are produced. Such specific 
increases in yield of a valuable erythromycin product are also seen for natural erythromycin PKS 
placed under the control of a Type II PKS promoter and activator gene. ,n a preferred embodiment, 
desired genes present on an SCP 2 --derived plasmid are placed under the control of the 
bidirectional actl promoter derived from the actinorhodin biosynthetic gene cluster of 
Streptomyces coelicolor. and in wh.ch the vector also contains the structural gene encoding the 
specific activator protein Act H-orf 4. The recombinant plasmid is introduced into 
Saccharopolyspora erythraea. under conditions where either the introduced PKS genes, or PKS 
genes already present in the host strain, are expressed under the control of the actl promoter. 

Such strains produce the desired erythromycin product and the activator gene requires 
only the presence of the specific promoter in order to enhance transcriptional efficiency from the 
promoter This is particularly surprising in that activators of the Actll-orf4 family do not belong to a 
recognised class of DNA-binding proteins. Therefore it would be expected that additiona. proteins 
or other control elements would be required for activat.cn to occur in a heterologous host not 
known to produce actinorhodin or a related isochromanequinone pigment. It is also surprising and 
useful that the recombinant strains can produce more than ten-fold erythromycin product than 
when the same PKS genes are under the control of the natural promoter, and the specific 
erythromycin product is also produced precociously in growing culture, rather than only during the 
transition from growth to stationary phase. Such erythromycins are useful as antibiotics and for 
many other purposes in human and veterinary medicine. Thus, when the genetically engineered 
cell is Saccharopolyspora erythraea. the activator and promoter are derived from the actinorhodin 
PKS gene cluster and the actl/actll-orf4-regulated ery PKS gene cluster is housed in the 
chromosome. foHowing the site-specific integration of a low copy number p.asmid vector, cuituring 
of these cells under suitable conditions can produce more than ten-fold total 14-membered 
macrolide product than in a comparable strain not under such heterologous control. When in such 
a genetically engineered cell of S. erythraea the PKS genes under this heterologous control are 
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15 



hybrid Type I PKS genes whose construction is described herein, more than ten-fold hybrid 
polyketide product can be obtained compared to the same hybrid Type I PKS genes not under 
such control. Specifically, when the hybrid Type I PKS genes are the ery PKS genes in wh.ch the 
leader module is replaced by the avr loading module, a ten-fold increase is found in the total 
amounts of novel 14-membered macrolides produced by the genetically engineered cells when 
cultured under suitable conditions as described herein. 

The suitable and preferred means of growing the untransformed and genetically- 
engineered erythromycin-producng cells, and suitable and preferred means for the isolation, 
identification, and practical utility of the novel erythromycins are described more fully in the 
examples 

Summary tha invention 
The present invention relates to compounds of the formula 1: 



N(CH3); 




R 8 = H or 




CH3 



ORe 




hfcC OR13 



and to pharmaceutical^ acceptable salts thereof, wherein: 

R, is an alpha-branched C 3 ^a alkyl. alkenyl. alkynyl. alkoxyalkyl or alkyfthioalkyl group any of 
which may be optionally substituted by one or more hydroxyl groups; a C 5 <: 6 cycloalkylalkyl group 
wherein the alkyl group is an alpha-branched C*C 5 alkyl group, a C 3 -C ft cycloalkyl or C s <: fl 
cycloalkenyl group. e.ther of which may optionally be substituted by methyl or one or more 
hydroxyl. or one or more Cl «C< alky, groups or halo atoms: or a 3 to 6 membered oxygen or sulphur 
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containing heterocyclic ring which may be saturated, or fully or partial.y unsaturated and which may 
optionally be substituted by one or more C^alkyl groupsor halo atoms; or R, is phenyl which 
may be optionally substituted with at least one substituent selected from Chalky,. C ,-C 4 a,koxy 
and C,-C 4 alkylthio groups, halogen atoms, trifluoromethyl. and cyano; or R ; may be a group w,th a 
formula (a) as shown below: 




(CH 2 ), 




or 
carbon 



wherein X is O. S or -CH 8 , a, b. c. and d are each .ndependently 0-2 and a + b + c + d < 5. 

R,.sHorOH; R^areeach. .ndependently H. CH 3 , orCH ? CH 3 ; R 6 is H or OH, and R 7 is H. 
CH 3 , orCH ? CH 3 ; R a is H or desosam.ne: R 9 is H. CH, or CH ? CH 3 ; R TO is OH. mycarose <R„ is H). or 
Cadinose (R„ , S CH 3 ), R„ is H; or R ra = R, , = 0 ; and R„ ,s H. CH 3 . or CH 2 CH, 

in the above definition, alky, groups conta.nmg 3 or more carbon atoms may be straight 
branched chain. Halo means fluoro. chloro. bromo or ,odo. Alpha-branched means that the 
attached to the C- 13 portion is a secondary carbon atom linked to two further carbon atoms, the 
remainder of the alkyl chain may be straight or branched chain. 

Preferred compounds formula 1 are those wherein R 3 -R, H „ r,. and R?? areCH, and r, 
is isopropyf or sec-butyl. 2-buten-2-yl. 2-penten-2-yl. or 4-methy,- 2 .penten-2- y . optiona„y 
substituted by one or more hydroxy, groups. Also preferred are compounds of formula 1 wherein 
R 3 -R, R,. R B . and R w areCH 3 . and R, is C 3 -C fl cycloalkyl or cycloalkenyl. which may optionally be 
substituted by one or more hydroxy, groups or one or more C, -C, alky, groups In a further group 
of preferred compounds. R, is a 5 or 6 membered oxygen or sulphur containing heterocyclic ring, 
partly a 3-thienyl or 3-fury, ring, wh^h may be optionaHy substituted by one or more hydroxy, 
groups, or one or more C.-C, alky, groups or halogen atoms ,n another group of preferred 
compounds. RJsaC^alkyHhioalkyl group. part, Cu .arly a 1 -methylthioethyl group 
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Other specific embodiments of this invention include compounds of formula g: 

N(CH 3 ) 2 



R 8 = H or 





CH 3 



R 10 = OH or 




H 3 C OR13 



and to pharmaceutically acceptable salts thereof, wherein: 

R, is H. C,-C 8 alkyl. C.-C, alkenyl. C ? -C 8 alkynyl. alkoxyalkyl or alkylthioalkyl containing from 1 

5 to 6 carbon atoms in each alkyl or alkoxy group wherein any of said alkyl. alkoxy. alkenyl or alkynyl 
groups may be substituted by one or more hydroxyl groups or by one or more halo atoms; or a C 3 - 
Ccycloalkyl orC 5 -C e cycloalkenyl either of which may be optionally substituted by methyl or one or 
more C,-C, alkyl groups or halo atoms; or a 3 to 6 membered oxygen or sulphur containing 
heterocyclic ring which may be saturated or fully or partially unsaturated and which may optionally 

10 be substituted by one or more 0,-C, alkyl groups or halo atoms; or a group of the formula SR 14 

wherein R M is C,-C. alkyl. C 2 -C 8 alkenyl, C,-C g alkynyl, C 3 -C B cycloalkyl. C 5 -C, cycloalkenyl, phenyl or 
substituted phenyl wherein the substituent is C,-C« alkyl, C,-C, alkoxy or halo, or a 3 to 6 membered 
oxygen or sulphur-containing heterocyclic ring which may be saturated, or fully or partially 
unsaturated and which may optionally be substituted by one or more C,-C, alkyl groups or halo 

15 atoms. 

R ? is H or OH, R 3 -R 5 are each independently H. CH 3 . or CH ? CH 3 . R, is H or OH; and R, is H. 
CH 3 . orC^CH,; R„is H or desosamine; R„is H. CH 3 . orCH 7 CH 3 ; R„ is OH. mycarose (R n is H). or 
cladinose (R 13 is CH 3 ). R„ is H; or R w = R „ = O; and R 17 is H. CH 3 , or CH ? CH„ with the proviso that 
when R 3 -R b areCH 3 . R 7 isCH 3 . R 0 isCH 3 . and R t7 isCH 3 . then R, is not H or C, alkyl 
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in the above definition, alky, groups containing 3 or more carbon atoms may be straight or 
branched chain. Halo means fluoro. chloro. bromo or iodo. 

Preferred compounds of formula 2 are those wherein R 3 -R 5 are CH,. R 7 is CH, R 9 is CH, 
and R 12 is CH„ and R, is SR„ wherein R„ is methyl or ethyl. In another group of preferred 
5 compounds, R, is methyl, isopropyl. or sec-butyl, which may be subsisted by one or more 
hydroxy, groups. In a further group of preferred compounds. R, is branched C 3 <: B alkyl group 
substituted by one or more hydroxyl groups or one or more halo atoms, particularly 1- 
(trifiuoromethyl)ethyl. 

The invention also relates to a pharmaceutical composition for the treatment of a bacterial 
0 infection or a protozoa, infection in a mammal, fish, or bird wh.ch compnses a therapeutically 
effective amount of a compound of formula lor formula 2. or a pharmaceutical* acceptable salt 
thereof, and a pharmaceutically acceptable carrier. 

The invention also relates to a method of treating a bacterial infection or a protozoal 
infection ,n a mammal, fish, or bird which comprises administenng to sa.d mammal, fish or bird a 
therapeutically effective amount of a compound of formula lorformu.a gorapharmaceutica.ly 
acceptable salt thereof. 

The term "treatment", as used herein, unless otherwise indicated, includes the treatment 
or prevention of a bacterial infection or protozoal infection as provided in the method of the 
present invention. 

As used herein, unless otherwise indicated, the terms "bacterial infections)" and 
-protozoa, infection^)" .nclude bacterial infections and protozoal infections that occur in mammals, 
fish and birds as well as disorders related to bacterial infections and protozoal infections that may 
be treated or prevented by administering antib.otics such as the compounds of the present 
invention. Such bacterial infections and protozoal infections, and disorders reiated to such 
infections, include the' following: pneumonia, otitis med.a. sinusitus. bronchitis, tonsils, and 
mastoiditis related to infection by Streptococcus pneumoniae. HaemopNlus inftuenzae. Moraxella 
catarrnalis. Staphytococcus aureus, or Peptostreptococcus spp ; pharyngitis, rheumatic fever, and 
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glomerulonephritis related to infection by Streptococcus pyogenes. GroupsC andG streptococci. 
Clostridium diptheriae. or Actinobaclllus haemolyticum: respiratory tract infections related to 
infection by Mycoplasma pneumoniae. Legionella pneumophila. Streptococcus pneumoniae. 
Haemophilus influenzae, or Chlamydia pneumoniae: uncomplicated skin and soft tissue infections, 
5 abscesses and osteomyelitis, and puerperal fever related to infection by Staphylococcus aureus. 
coagulase-positivestapnylococcd e.. S. epidermidis. S. hemolyticus.exe.). Streptococcus 
pyogenes . Streptococcus agalactiae. Streptococcal groups C-F (minute-colony streptococci), 
vmdans streptococci. Corynebacterium minutissimum. Clostridium spp.. or Bartonella henselae: 
uncomplicated acute urinary tract infect,ons related to infection by Staphylococcus saprophytics 
K, or Enterococcus spp. ; urethritis and cerv.cit.s: and sexually transmitted diseases related to 
infection by Chlamydia trachomatis. Haemophilus ducreyi. Treponema pallidum. Ureaplasma 
urealyticum. or Neiserria gonorrheae. -toxin diseases related to infection by S. aureus (food 
poisoning and Toxic shock syndrome), or Groups A. B. and C streptococci: ulcers related to 
infection by Helicobacter pylori: systemic febrile syndromes related to infection by Borrelia 
,5 recurrent Lyme disease re.ated to infection by Borrelia burgdorferi: conjunctivas, keratitis, and 
dacrocystitis related to infection by Chlamydia trachomatis, Neisseria gonorrhoeae. S. aureus. S. 
pneumoniae. S. pyogenes. H. influenzae, or Listeria spp. ; disseminated Mycobacterium avium 
complex (MAC) disease related to infection by Mycobacterium avium, or Mycobacterium 
intracellulare;gastroerteMs related to infection by Campylobacter jejuni. intestinal protozoa 
20 related to infection by Cryptosporidium spp, odontogenic infection related to infection by viridans 
strepiococci; persistent cough related to infection by Bordetella pertussis: gas gangrene re.ated to 
infection by Clostridium perfringensor Bacteroties spp.; and atherosclerosis related to infection 
by Helicobacter pylon or Chlamydia pneumoniae. Bacterial infections and protozoal infections and 
disorders related to such infections that may be treated or prevented in animals include the 
25 following: bovine resp.ratory d,sease related to .nfection by P. haem.. P multooda. Mycoplasma 
oovis. or Bordetella spp : cow entenc disease related to infect.on by E. co//or protozoa (i.e.. 
coccidia. Cryptosporidia, etc); da,ry cow mastitis related to infection by Staph, aureus. Strep. 
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«m »« a^acflae. s<, ap . dysgalaalae , Klebsmaspf ,_, Co^ baaerum . orEnlemcoccus 
spp, ~. respiratorydisease reiared » in,e«ion by A ^ P m^ o,^^ 
SPP, swine en,e* ateeasefelatea , 0 ^ 6y £ ^ ; Sa)mo ^ ^ 

^ *»"«—*« «- — -o by faM6acte „, m spp . ; M „ „, eW8 

or Stages wosus; cow „„ k . e y e relate. . infecton By ^ ^ mw 

abortion r«a,ed ,„ Wecfo „ „„ ^ „ e nwsoor|um): ^ ^ ^ ^ ^ ^ ^ 

Am** Oh. bac,eri„ ,„,ec,ons and pro^oa, ana ^ re|aM , o ^ 

■n.ec,ions ,na, .ay be .reared or prevenred ,„ accord « ,ne me«d o, m. cesen, ,nven„on are 
referred ,o in,. P, san,oro e, ... - The San,o,d Guide To An„m,croaa, Therapy, Ed „ion 

•» invention can nave confab* uttiity ,n tbe treatment o, disease states ,e .„.. cancer A,os 
and atberoscteros,., no, normatiy associated witn bactena, or proteoa, intections. 

When us* to « a bactena, imeco,, „ . ateorae , f-BM ,„ , ^ 

cance,inan,a mm a,.^asabu m an, W a«sn.or B rd.aco mB cun art ,or mutelor , omute2 ^ 
be adhered acne or in *e <orm o, a pnamrace.^, compo^n comp«^ , ho compound 
an.apnannaceu.ica.yaccepfcb.e a „uemorcamer. Sucn commons can be admired 
ora„, to re,am,*. as,ab,e,sor capsu te , o, paren^y, wh ^ mMes su0culaneous ^ 

sucn as tnrou* ap„ fca «on „,a au^. Tne pn_ fca ,,y accept earner „,„ depe^ 
on in.ended mode o, adm Wsl ra, fo a For exampte ^ ^ ^ 
P,osp to ,c acd. ^e-ner « diamond aoents (S ucn as starcb, and iubHca,., agents (SU cn 
as ma g ne S um stearate. sodium fcure, su »a,e. and *>canbeused .s,nepharmaceu«ca»y 
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acceptable carrier in tablets. Also, tor use in capsules, useful pharmaceutical^ acceptable carriers 
are lactose and high molecular weight polyethylene glycols (e.g , having molecular weights from 
2.000 to 4.000). For parenteral use. sterile solutions, or suspensions can be prepared wherein 
the pharmaceutical!-/ acceptable carrier is aqueous (e.g.. water, isotonic saline, or isotonic 

5 dextrose) or non-aqueous (e.g., fatty oils of vegetable origin such as cottonseed or peanut oil. of 
polyols such as glycerol or propylene glycol) 

When used in vivo to treat a bacterial infection or orders related to a bacterial infection in a 
mammalian subject, or for treatment of various cancers in humans, (in particular non-small cell lung 
cancer) and other mammals such as dogs, either orally or parenteral^, the usual daily dosage will be 

10 in the range from 0 .1-100 mg/kg of body weight, especially 0.5-25 mg/kg of body weight, in single 
or divided doses. 

The phrase "phaimaceuticaly acceptable sa)t(s)". as used herein, unless otherwise 
indicated, includes sattsof acidicor basic groups which maybe present inthecompoundsofthe 
present invention. The compounds of the present inventbn that are basic in nature are capableof 

15 forming a wide variety of salts with various horganic aid organicacids. Tne acids lhat may be used to 
prepare pharmaceutically acceptable acid addilionsaltsof such basic compoundsof are those that 
form non-toxic scid additbn salts, i.e.. salts containhg pharmacologically acceptable anions, such as 
the hydrochloride, hydrobiomide. hydroiodide. nitrate, sulfate, bisulfate, phosphate, acid 
phosphate, isoncotinate. acetate, lactate, saicy late, citrate, acid citrate, tartrate, pantothenate, 

20 bitartrate, ascorbate. succinate, maleate, gentisinate.fumarate.gluconate.glucaronae. saccharate, 
formate, benzoate, glutamae. methanesulfonate. ethanesulfonate, benzenesultonate. p- 
toluenesulfonate and pamoate [i.e. , 1 , 1 -methytene-bis-(2-hydroxy3-naphthoae)] salts 

Those compoundsof the present invention that are acidicin nature are capable of forming 
base salts with various pharmacologcally acceptable cations. Examples of such salts include the 

25 alkalimetaloralkaline earth metalsalts and. particularly, thecataium. magnesium, sodium and 
potassium saltsof the compounds of the present invention. 
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Certan compounds of the present invention mayhave asymmetric centers and therefore 
existrn different enantiomenc anddiastereorric forms. This invention relates to theuse of at optica) 
isomers and stereoisomer the conpounds of the present invention, and mixtures thereof, and to 
ail pharmaceutical composes and methods of treatments may employ orcontan them. 
5 The present invention inctides the compounds of the present invention, and the 

Pham^euticailyacceptabte sa*ts thereof, wherein oneormore hydrogen, carbon orother atoms ere 
replaced by isotopes thereof. Suchcompoundsmay be useful as research anddiagncstictoots in 
metabolism pharmacokinetic studies aid in binding assays 

Compounds of the present hvention a-e produced by fermentation of an untransformed or 
0 transformed organism capable of producing erythromycins, including but not imited to 

Sacchaopolyspora species. Streptormces griseoplanus. Nocardra sp.. Mrcromonospora sp.. 
Arthobacter Sp ..andStreptomy CeS antibioticu S butexcUding S. ooelicolor. Panicufcrly suitable in 
thisregardareuntransformedaod^^ 

NRRL 2338, 1 8643. 2 1 484. Particular* preferred transformed strans are those in which the 
5 erythromycin loading module has been replaced with the bading module from the avermectin 
producer. Streptomyces avermrtilis. orthe rapamycin producer. Streptomyceshygroscopcus. The 
preferred methodof produdng compounds of thecurrent hvention B by fermentation of the 
appropriate organism in the presenceof the appropriate carboxy lie acid of the formulae COOH. 
wherehR! isaspreviousydefinedin^ 

N-acetylcysteamhe thioester). oramide thereof oroxidaive precursorthereof The a,id orderivative 
thereof is added to the fermentation either atthe timeof inocultfon oratintervalsduring the 
fermentation. Production of the compounds of this invention may be monitored byremoving 
samples from thefermentalion, extracting with an organb solvent and following the appearance of 
the compoundsofthis invention by chromatography, for example ushg high pressure Ik^id 
chromatography Incubation is contnued untilthe yieldof the compound of formulae 1 or 2 has 
been maxrmised. generator a perbd of 4 to 1 0 days. A preferred level of each addition of the 
carboxylc acidordenvadve thereof rs between 0.05 and 4 0 g/L. The bestyelds of the compounds 
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from formulae 1 or 2 are generally by gradual^ adding the acid ordertvatiw to the fermentation, for 
exampte by daily addition over a period of several days. The medum used for the fermentation may 
be aconvent.ond complexmedium containing assimilable sources of carbon, nitrogen and trace 
elements. 

The suitable and preferred means of growing the untransformed and genetically- 
engineered erythromycm-producing cells, and suitable and preferred means for the isolation, 
identif.cation, and practical utility of the compounds of formulae 1 and g are described more fully in 
the Examples. 

Brief Description of th e Oawinas 
Some embodiments of the invention will now be described with reference to the 
accompanying drawings in which 



Figure 1 gives the chemical formulae of three known polyketides; 
1 5 Figure 2a is a diagram showing the f unction.ng of 6-deoxyerythronolide synthase B (DEBS), a PKS 
producing 6-deoxyerythronolide B (6-DEB), a precursor of erythromycin A; 
Figure 2b shows post-PKS biosynthesis of erythromycins including the conversion of 6-DEB to 
erythromycin A; 

Figures 3§ and 3fe are diagrams showing the construction of plasmid plG1 ; 
20 Figures 4a. 4b. and 4c are diagrams showing the construction of plasmid pND30; 

Figure 5 is a diagram showing the construction of plasmid pAVLD; 

Figure 6 shows the integration of pAVLD into the genome of S. erythraea NRRL2338. 

Figure 7 is a diagram showing the biosynthesis of rapamycin. 

Figure 8 is a diagram showing the construction of plasmid pM06. 
25 Figure 9 is a diagram showing the construction of plasmid pCJR26. 

Figure 10 is a diagram showing the construction of plasmid pC-ATX. 
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Figure 11 isadiagram showing the construction of plasm* pC-AT 12. 
Figure 12 is a diagram showing the construction of plasmid pCJR49. 



5 Pgtailed Dftscnntinn nf in«« ntinn 

The w,de range of starter units accepted by the ayr loading module has been 
comprehensive* estabiished in previous studies (for exampie European Patent Applications 0 
2U 731 . 0 350 187. 0 317 148 whfch are incorporated herein ,n their entirety) Consepuently it 
shouid be understood that the mention is not ,im It ed to the sped, deta,, o, these examples and t he y 

uangth eplG iorpN D3 0constru^ 

cognate activator gene act,.-orf4 to ehance the expre SS ,on of the nove, compounds of this 

^transformed strains of Saccharopo^spora erythraea are also readily capable of ta k ,ng up 
5 exogenous-supplied substrates to generate nove, e^hromycin betides. Conse.uently it is 
a-so apparent to those sRilled in the art that specie novel compounds of th, s invent-on can be 
readily produced by selection of the appropriate erythromyen producing strain (optionally 
incorporating the P IG1 or pN0 30 p.asmid into the desred strain,, and supplementing the 
fermentation with the appropriate starter unit. Thus. 6-deoxyerythromycin and 6.12- 
dideoxyerythromycin derivatives of the present .nvention can be readily produced using 
Saccharopoiyspora erythraea NRRL 18643 or NRRL 21484 as indicated ,n U S 5 141 926 and 
WO97,06266. Similar^ 

■n J. Bacterid.. 164:425-433. 1991 can a.so be employed to obtain the desired nove. analogues of 
the present ,nvent,on. For example, strain UW24 can be used (optionally transformed by P ,G1 or 
PND30) to obtain novel analogues of erythronolide B. 

UV spectra were recorded using a Hewlett-Packard 1090M d.ode-array 
spectrophotometer All NMR spectra were measured in CDCI3 by a V/anan Unity 500 MHz 
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spectrometer unless otherwise indicated and peak positions are expressed in parts per million 
(ppm) downfield from tetramethysilane. The peak shapes are denoted as follows: s. singlet; d. 
doublet: t, triplet: q. quartet: m. multiplet; br, broad. The atom number shown in the NMR 
structures is not representative of standard nomenclature, but correlates NMR data to that 
particular example. HPLC-MS data was acquired using a Hewlett-Packard 1090M liquid 
chromatograph interfaced to a VG Platform II mass spectrometer equipped with an APCI source 
(method A) or using a Hewlett-Packard 1050 liquid chromatograph interfaced to a VG Platform II 
mass spectrometer equipped with an APCI source (method B and method C). 



IO HPLC method A : 

Column 
Flow 

Mobile phase 

15 



Beckman Ultrasphere 5 urn CDS 4 mm x 25 cm 
0 85mL/min 

Gradient: acetonitrile:0.05 M ammonium acetate (28:72) 
to acetonitrile:0.05 M ammonium acetate (50:50) over 22 
minutes, maintain acetonitrile:0.05 M ammonium acetate 
(50:50) 22-25 minutes: return to initial conditions 25-30 
minutes. 



HPIC method p: 
20 Column 
Flow 

Mobile phase 



MetaChem Inertsii 5 \im C8 3 mm x 1 50 mm 
O.SmUmin 

Isocratic: methano(:0.05 M ammonium acetate with 0.1 % 
trifluoroacetic acid (60:40) 



25 HPLC method C: 

Column 



Waters Symmetry 5*im C18 2.1 mm x 150 mm 
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glucose 
tryptone 
yeast extract 
EDTA 



69 g 



F,ow 0.22mL/mm 

Mobile phase Gradient: acetonitrile.0.05 M ammonium acetate (30:70) 
to acetonitrife:0.05 M ammonium acetate (50:50) over 30 
minutes. 

Use is made of the following media and solutions: 
Sucrose-S^i^ re fined Mgrti< im 

sucrose 

™°3 10 g 

succinic acid 2.36 g 

KH 2 p 0 4 2.7 g 

■ MgS0 4 .7H 2 0 12 g 

2nC, 2 10mg 

MnCI 2 .4H 2 0 6 2 g 

CuCl 2 .2H 2 0 o.53 mg 

CoC, 2 0.55 mg 

FeSO 4 .7H 2 0 2 5 mg 

Caa 2 .2H 2 0 38 mg 

milli-Q water to 1.0 L 

K0H to pH 6-6 4 
Tap water rri^irp 



5g 

5g 

2.5 g 
36 mg 
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tap water to 1.0 L 

KOH to pH 7. 1 



ERY-P medium 

5 dextrose 50g/L 

Nutrisoy™ flour 30g/L 

(NH4)2S04 3g/L 

NaCI 5g/L 

CaC0 3 6 g/L 

10 pH adjusted to 7.0 



Nutrisoy™ flour is purchased from British Arkady Group. Skerton Road, 
Manchester. UK. 



15 The present invention is illustrated by the following examples. 

Example 1a - Construction of Plasm id dIG1 

Plasmid pIGl consists of an SCP2 # -derived plasmid containing a hybrid Type I PKS gene 
comprising the avr loading module in place of the ery loading module, the first two extension 
modules of the ery PKS and the thioesterase of the ery PKS. This is constructed via several 

20 intermediate plasmids as follows (Figure 3). 

(i) Constructio n of Plasmid DVE3.4 
Plasmid pVE1446 which contains a portion of the avermectin (avr) PKS genes was obtained from 
E. coli strain ATCC 68250 (MacNeil, D. J. et al. Ann. N. Y Acad. Sci. (1994) 721:123-132). Plasmid 
pVE1446 was digested with BamHI and the 7.6 kbp fragment between coordinates 32.15 and 

25 3.40 (MacNeil, D. J. et al. Ann. N. Y. Acad. Sci. (1994) 721 :123-132) was purified by gel 

electrophoresis and recircularised The mixture contained the desired plasmid pVE3.4 which was 
isolated after transformation of E. coli strain TGIrecO (constructed by Dr. P. Oliver. Dept. of 
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Genetics. U. Cambridge; Kolodner. R. el at. J. Baderiol. (1985) 163 1060-1066: T. Gibson. Ph.D. 
Thesis. U Cambridge, 1985. 

(ii) Construc tion of nla.ynid oNCOl? 
Plasmid pBK25 (Bevitt. D J. et a!. Eur. J. Biochem. (1992) 204.39^9) was digested with Ncol and 
the 12 kbp fragment was end-repaired and ligated inio plasmid pUC18 which had been linearised 
with Smal. The ligation mixture was transformed into E. coli TG 1 recO and individual colonies were 
checked for their plasmid content The desired plasmid P NC012 was identified by its restriction 
pattern. 

0' 1 ) Constructio n of Plasmid pCRabc 
Plasmid pCRabc (Figure 3) was constructed as follows Three separate PCR reactions were 
conducted: First. 20 pmol each of synthetic oligonucleotides A1 (5'-CTC GTC GGT GGC TTT 
GCG-3 ) and A2 (5-CCC GGG AAA AAC GAA GAC TAG TGG CGC GGA CGG CCG-3 1 ) were used to 
amplify a 1.0 kbp product from 100 ng pNCC-1 2 template. The PCR product was end-rep ai red. 
phosphorylated and cloned into Smal-cut P UC18 to obtain plasrmd pCRa. Secondly. 20 pmol each 
of synthetrc oligonucleotides C1 (5'-CACGCGCAGCGCGGCGGA-3-) and C2 (5'-CGAA CCG CTA 
GCG GTC GTC GCG ATG GCC T-3') were used to amplify a 1.5 kbp product from 100 ng pNC012 
template. The product was end-repaired, phosphorylated and cloned into Smal^ut P UC18 to 
obtain plasmid pCRc. Thirdly. 20 pmol each of synthetic oligonucleotides B1 
(5'-GTGGCCC}GGCCGT(XGCGCCACTAGTCTTCGTTTTT-3') and B2 (5"-AAC 
AGCTAGQ3GTrCGTCCGCCGCTGCCGTGCC-3') were used to amplify a 1 4 kbp product from 100 
ng pVE3.4 template. The product was end-repaired, phosphorylated and cloned into Smal-cu1 
PUC18 to obtain plasmid pCRb. 

Plasmid pCRa was digested with Hindlll and Spel and the 1 .0 kbp insert was ligated with 
plasmid pCRb previously digested with Hindlll and Spel. to obtain plasmid pCRab. Plasmid pCRc 
was digested with Nhel and EcoRl and the 1.5 kbp insert was (.gated with plasmid pCRab 
previously digested with Nhel and EcoRl to obtain plasmid pCRabc 



SUBSTITUTE SHEET (RULE 26) 



WO 98/01571 



25 



PCT/GB97/01810 



riwlf frnKtrtJCtion o * Plasmid dNEWAVETE 
Plasmid pCRabc was digested with Mfel and Sfil and the DNA fragment containing the loading 
domain of the avr PKS was purified by gel electrophoresis and ligated with plasmid pNTEP2 which 
had been digested with Mfei and Sfil and the larger fragment purified by gel electrophoresis. The 
ligation mixture was transformed into E. coli TG1 recO and individual colonies were checked for 
their plasmid content. The desired plasmid pNEWAVETE (13.7 kbp) was identified by its 

restriction pattern. 

M Construction Plasmid PRM52 
Plasmid pRM52 is a derivative of plasmid pRM5 (McDaniel. R et al. Science, (1993) 
262:1546-1550). pRM5 was first linearised by digestion with Ndel. end-repaired and then 
religated to produce pRM51 . pRM51 was cut with Pad and Nsil and the large Pacl-Nsil fragment 
was isolated and ligated to a short double-stranded oligonucleotide linker containing an Ndel site 
and constructed from the synthetic oligonucleotides 5'-TAAGGAGGACACATATGCA-3' and 
5--TAATTCCTCCTGTGTAT-3' which were annealed together The ligation mixture was 
transformed into E. coli TGIrecO and isolated colonies were screened for their plasmid content. 
The desired plasmid (19.6 kbp) was identified by its restriction map and was designated pRM52. 

fvi) Construction n1 Plasmid olG1 
Plasmid pNEWAVETE was digested with Ndel and Xbal and the insert was purified by 
sedimentation on a sucrose gradient. The purified insert was ligated into plasmid pRM52 (19.6 
kbp) which had been digested with Ndel and Xbal. and the vector purified by sedimentation on a 
sucrose gradient. The ligation mixture was used to transform E. coli and individual colonies were 
checked for their plasmid content. The desired plasmid plG 1 was identified by its restriction 
pattern. 

Example 1h - Construct ion nf P'»smid pND30 

Plasmid pND30 consists of an SCP2'^erived plasm.d containing a hybrid Type I PKS 
gene comprising the avr loading module in place of the ery .oading module, the first two extension 
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intermediate plasmids as tallows (Figure 4). 

(0 Construction nf the VnBnr jr^n, 

PCJR101 (Figure 4) is a shut,,e p,asm«, consfructed to Pe us* tar expression o, PKS genes ,„ 
5 aCnomycetes « inaudesaCCEl repiicon to allow it to replicate in E. cod. an SCP2* low copy 
number Streptomyces rep«con M J. and Hopwood. 0 A J Gen M i croblo( 

act promoter during ,„ e , ranaion tmm growlh ^ K ^ ^ ^ 

mycelrum . i s constructed as .Cows, an approbate* 970 hp DNA tragmen, 
0 .containing tne act,, od4 a*a,o, gene, (Fernandez. „. A. « a t « „ e^g,*,, , s 
ampMed hy Pea using as primers the syntheKcol^onucleotides: 5 -ACT AGT CCA CTG CCT 

CTCCCTAAAATCCAOCSandS-CTTAAGACaOGCTCCACCGCCTTCACGGAC-aw^ 
also introduces «an*ng Spe, and A„„ resection s,es This tragment .sconed into the end- 

repaired Aa«. „eo, plasm* puctg to ,e,d pla^a pCdRte An approbate* 2 , 5( , pDNA 

(Parro. V. e, a, Nucl. Ac«,s Res. „»„ tg^.^, using „ ^ 
oligonucleotides 5'-ACA TTC TCT ACG CCT AAG TGT TCC CCT CCC TGC CTC-3' and 5-GTG ATG 
TAT GCT CAT ATG TGT CCT CCT TAA TTA ATC GAT GCG TTC GTC CGG TG-3'. which also 
Adduces „an*,ng Nae , „ A „„ stes T „ e ^ ^ ^ ^ ^ ^ 

-e**^,.^^^^^,,, .togeneratep^idpCtRtg Alt kbp 

^PCR r,om W asm,dp, J92 a,Lyd i a,e.o J .e,a,.Gene,,9e5 ) 35:^5, as K mp,a tt ^„ g as 
pntners the oligonucleotides 5'-TGA ACA CCA AGC TTG CCA GAG AGC GAC GAC TTC CCC 3' 

andS-GACAGATTGCATGCCCTTCCAGGAGTGCCCGCCCGG^wh^atsCtroducss 
«a*ng Hind,,, andSphlsnes The PCR product ^ digested „„h Hind,,, and Sph, and I, gated rt ,h 
P,asm M p CJH , 9M « H)M| , Ms ^, too ^ p|asmjopcjR24T(ie ^ mM ^^ is 

dusted „*BamH, and Sst, and ,he,ragmen,con,=,„,ngap OT ,o„o„he,en„„ yb cus.„d,he 
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origin of replication (Lydiate, D. J. et al. Gene (1985) 35:223-235) is ligated into pUC19 digested 
with BamHI and Sstl to generate the afunctional plasmid pCJR16 (14 7 kbp). Plasmid pCJR24 is 
digested with Sail and Sphl, the two larger fragments from the digest are purified by gel 
electrophoresis, and combined in a four-component ligation with plasmid pCJR16 which has been 

5 digested with Xhol and Sphl The ligation mixture is used to transform Streptomyces lividans and 
colonies are selected in the presence of thiostrepton. One such colony is shown to contain the 
desired plasmid pCJR101 (approx. 12.4 kbp). identified by its restriction pattern. 

Construction of Plasmid PCJR29 
The construction of plasmid pCJR29 is illustrated in Figure 4. A 1.1 kbp Hindlll-Xhol fragment 

10 containing the tsr gene, which confers resistance to thiostrepton. is obtained by PCR from plasmid 
plJ922 as template, using as primers the oligonucleotides 5-TGA ACA CCA AGC TTG CCA GAG 
AGC G AC G AC TTC CCC-3 ' and 5'-GAC AG A TTC TCG AGC CTT CG A GG A GTG CCC GCC CGG-3' 
which also introduces flanking HindHI and Xhol sites. The PCR product is digested with Hindlll and 
Xhoi and ligated with plasmid pCJRl 6 which has been digested with Hindlil and Xhol. to generate 

15 plasmid pCJR25. Plasmid pCJR25 is digested with Hindlll and Sphl and ligated with plasmid 

pCJR 19 which has been digested with Hindlll and Sphl. to produce the desired plasmid pCJR29 
(approx. 12.4 kbp), identified by its restriction pattern. Plasmid pCJR29 differs from pCJR101 in 
the orientation of the tsr gene, the actll-orf4 gene and the actl/actlll promoter, with respect to the 
SCP2*-derived origin of replication 

20 (iii) Construction of Plasmid PND30 

Plasmid pNEWAVETE was digested with Ndel and Xbal and the insert was purified by 
sedimentation on a sucrose gradient. The purified insert was ligated into plasmid pCJR29 (approx. 
1 2.4 kbp) which had been digested with Ndel and Xbal, and the vector purified by sedimentation 
on a sucrose gradient. The ligation mixture was used to transform E. coii and individual colonies 

25 were checked for their plasmid content. The desired plasmid pND30 was identified by its 
restriction pattern. 
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Example ic ■ Construction pf ni ^smid neiR gfi 

Plasmid pMOS (Figure 8) was first constructed in several steps, 
(i) Construction ? f ftfflrM pMp1 
The approbate,,, , .3 kbp DNA segment 0 , the eryA, gene o, S erythraea extending from 
5 nuclecde ,948 ,o nucleotide 3273 o, «,A, (Donadio. s. « a,.. Seance „99„ 252 . 675 . 67g) 
was amplified by TCRemfloying as prrmers static oligonucleotides: 5' CATGCTCGAGCT 
CTC CTG GGA AGT-3' and S'^AA CCC TOG CCA GG3 AAG ACQ AAG ACGG-3'. an* P ,asmid 
PNTEP 2 asatempla,e. ThePCRproducwasendTepa^ana.^eo^^puc^ ^ 
had been lineansed by d„es, to „ „„„ Sm a, and then treated with alkaline phosphatase The 
» ligation mixture was used to transform Eool TG , rec0 and ^ ^ ^ ^ 

■he. plasmid content The des,red plasmid pMO, ,3.9 k00) . t„ M lhe «„, 5jB ^ 
insert is ad|acen, „ tne Hind,,, site in ,he polylinker. was identified by ,s region pattern. 
W Construfsfinn of plasmid pMno 

The approxrmateiy 0.85 Kbp DNA segment o, the rapA gene o, Streptomyces hygroscopi, 
■5 extending from nucleotide 1 M, to nuc,e<*, 2 486 o, rapA. was an.pti.ed by PCR employing , 

primers the following oligonucleotides: 5 -TTC CCT GGC CAG GGG TCG CAG OGT G-3' and 5'-CAC 
CTAGGACCGCGG ACC ACT CGA C-3'. and the DNA trom the recomptnan. bactenophage A.-1E 
(Schwecke. T. a, a,.. Proc. Natl. Acad. Sci. USA ,,995, 92:7839-7843, as the template PCR 
Produa was end,epeired and .gated with pfcsmid puc,8. which had been linearised by digestton 
» w*Sma, and then treated w«h alkafine phosphate. The ,iga,,onmix»„e was used to transform 
E. oo. TGI recO and individual colonies were checked for therr piasmid content. The desired 
plasmid pM02 (3.5 kbp, was identified by its restriction pattern 

(iii)Conslruclinn nl n|fffln)tl1 rM"n 
The proximately ,7 kbp DNA segment o, the e^A, gene „, s.e^rae. extending „„ 
25 nucleotx* 4,28 ,„ nuclide 5 9 2 8 o, eryA,. was amplified by PCR emp^ng aspnmers the 

synthetic oligonuCeotides: 5'-TGG CCA GGG AGT CGG TGC ACC TAG GCA-3' and 5'-GCC GAC 
AGCGAGTCGACGCCGAGrT-3Var«, rt asmidp N TEP2as,am r ,a,e. T hePCR D ,oduc,„asend. 



Dicus. 
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repaired and ligated with plasmid pUClS, which had been linearised by digestion withSmal and 
then treated with alkaline phosphatase. The ligation mixture was used to transform E. coli TG1 
recO and individual colonies were checked for their plasmid content. The desired plasmid pM03 
(4.4 kbp). in which Ball and Avril sites are adjacent to the Hindlll site of the polylinker. was identified 

5 by its restriction pattern. 

(iv) Construction of plasmid dMQ4 
Plasmid pMOl was digested with Hindlll and Ball and the 1 .3 kbp insert was ligated with plasmid 
pM03 which had been digested with Hindlll and Ball. The ligation mixture was used to transform E. 
coli TGI recO and individual colonies were checked for their plasmid content. The desired plasmid 

10 pM04 (5 6 kbp) was identified by its restriction pattern, 
rv) Construction of plasmid oMQ5 
Plasmid pMCM was digested with Stul and the 3.0 kbp insert was ligated with plasmid pNTEP2 
which had been digested with Stul and purified by gel electrophoresis to remove the 3.8 kbp 
insert. The ligation mixture was transformed into Ecoli TG1 recO and individual colonies were 

15 checked for their plasmid content. The plasmid pM05 (1 2.8 kbp) was identified by its restriction 
pattern. 

ivi) Construction of pla smid dMQ6 
Plasmid pM02 was digested with Ball and Avrll and the insert was ligated with plasmid pM05 which 
had been digested with Ball and Avrll. The ligation mixture was used to transform E coli TG1 recO 

20 and individual colonies were checked for their plasmid content. The desired plasmid pM06 (1 3.5 
kbp) was identified by its restriction pattern. 

(vii) Construction of Plasmid oCJR26 
Plasmid pCJR26 is an SCP2* based plasmid containing a PKS gene comprising the ery loading 
module, the first and second extension modules of the ery PKS and the ery chain-terminating 

25 thioesterase. except that the DNA segment encoding the methylmalonyl-CoA:ACP 

acyltransferase within the first extension module has been specifically substituted by the DNA 
encodina the malonvl-CoA : ACP acyltransferase of module 2 of the rap PKS. it was constructed as 
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^^^^^^^ro^^^ ^ 

<*m* P ^ B26 was usea „ trans(om s e[yihrMa ^ p(oKp|asis 
—« coionies «ere seieced „ R2T20 mMum coma , ning )o q( mos|wOT 
cooes were .eaed ,or , h e _ 0 , pCJR26 ^ ^ ^ ^ ^ 

A cone w„n an .n^e. copy 0 , ^ „ >s grown ,„ SSM ^ s 

o. i^ron a„ a aiiowed ,o 9 ,ow ,or seven d ay s a, ^ A „er ,nis „ me ,ne Ororn was ( „,ered 
.o remove myc* ana , he pH wasa d, USIM , G pH 3 The bro , n ^ ^ ^ ^ ^ 
voiumeso, e,nvi acerare and m com pi„ed e ,„ y , ^ ^ ^ ^ ^ ^ ^ 
I* voiume o, sa,ura,ed sodium cn,o«e. dri M over anurous so*. sul , at e. an. ,ne e,n* ece,a,e 
™ removed under redded pressure ,o oive apou, 500 m g , crude produc, Tne producs were 
*own ,o be w. 3R. SR ) - 2 .me,n y ,-3.5-* ya rox y .„-nexa„oic acid lactone and (2 S, 3R. »>* 
methy|.3.5-dihydroxy-n-heptano,c acid f, -lactone: 




20 



g^m^leig^Construction of <; Q^thrirnNfm 2338/nP jrpa afl w it 

— nni ^H/pojRPf; and its n<a=» . n produc tion nf n. 

memhPrPrt manrolirtoQ 
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Approximately 5 mg pCJR49 ONA was used to transform S. erythraea NRRL2338 
protoplasts to give a strain in which the plasmid is integrated into the chromosome. From several 
colonies, total DNA was obtained and analysed by Southern hybridisation to confirm that the 
plasmid has integrated in module 2 of EryAI to give a novel macroiide biosynthetic pathway. 

5 Further integrations had occurred to give repeated plasmid sequences. S. erythraea NRRL 2338 
/pCJR49 was inoculated into tryptic soy broth containing 5mg/mf thiostrepton and incubated at 
30°C for three days. 100 mL of this seed culture was used to inoculate 2 L of sucrose succinate 
defined medium containing 5mg/ mL thiostrepton in 5 x 2 L flasks each containing SOOmL medium 
with 2 springs to aid dispersion and shaken at 300 rpm. After a further 5 days of growth the 

10 cultures were centrifuged and the pH of the supernatant adjusted to pH 9. The supernatant was 
then extracted three times with an equal volume of ethyl acetate and the solvent removed by 
evaporation Products were analysed by HPLC/MS and two macrolides were identified as the 
erythromycin analogues: 



15 




OH 



OH 



Example if - Construction of plasmid dC-ATX 



20 



Plasmid pC-ATX is an SCP2* based plasmid containing a PKS gene comprising the ery 



loading module, the first and second extension modules of the ery PKS and the erv chain- 
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acyll.ans.erase wl,n,n ,„e tot ext e„slo„ mMu , e has ^ spec , fcaiiy ^ 

encoding m. n,aion,,CoA:ACP ac^erase , rom aputatTC ^ , PKS gene dusier ctaM 

rcn, S,rep,on, y ce s cinn am onen,s ATCC ,45,3 (pnoducer o, „. polye|her 
* monensln, »»as M s, r uc, M v fa sever a , rt er m « iateplasmillsas(0 , to<(s(Fwre ^ 

(') Isolation nf ^n ?m ^ p c;p| r , 0 ~ 

Genomic i,^ 01 s^ycascnnamonensls 4TCC t4S „ (me ^ 

BamHMmeansed a „ a alkMne ohosphalase . , realefl ^ ^ ^ ^ ^ 
»as packed , mo x , araaes ^ Qgapack ^ ^ ^ ^ ^ 

<*, Uu e. *^™a,e, y a00c» taieso( „e,*rar V „ere 9ro „„ onmesu< , a0eo(anv , on 
mm™* *s M . and (heir ONA was crossed ,o »» membrane „ y uv ^ 
_e was s^uen,,, used ,„ , he Kreen , ng procedure insm oi 

- d»ai„ Irom moaule 2o , DEBS „ as , ab «„ M 0y rantt)m priml „ g „ ^ _ 

- ^r Pa ^ asaprobetolDmhy:Mssaon T ne pr ooewas,, yfJ „dised,or, 

- «.<WSC M er and s Ub seduen„ y wasned o„ ,„, ,n a, are ,„ oaxSSC 5 u „e, Three posi„ve 
Cones were lso ,a t ed. DNA 0 , ,ne inserts „ « , Bme aone8 was end ^ ^ ^ ^ 
pnm,n 9 a,es presen, ,„ ms veclor pwE1 , A regJon ^ ^ ( ^ 

mato -,y,.C0A ACP acyKrantferase domains was discovered In ,ne DNA seouence lrom , he T7 
CoA^CPacyflrans^dornain (name, A rx, revea,ed a n u „ usual mvm mow ,„ 

««<~ mal o„a,e- o, me.hyimafcna.e-spe* CoAACP acy„,ans,e, a ses ,H a ydocK S F « * 

FEBS (1995) 374 246-248) 

(») Sooaructipn pf p iasmid nMQ .™ 
T,e approve, M kbp DNA segment „, ,„ e ATXaomain „ K ^ by pCR ^ 
pnmerslhe following criigonucleolides 5' '^GGCCAGGGCGCGCAATGGCCGAGCAT-3'and 
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5'-CCC TAG GAG TCG CCG GCA GTC CAG CGC GGCGCC C-3' using the DNA from the cosm id 
pSC!N02 as the template. The PGR product was end-repaired and ligated with plasmid pUC18. 
which had been linearised by digestion with Smal and then treated with alkaline phosphatase. The 
ligation mixture was used to transform E coli TGI recO and individual colonies were checked for 
their plasmid content. The desired plasmid pM038 (3.5 kbp) was identified by its restriction 
pattern 

(iii) Construction of plasmid DMQ34 

Plasmid pM034 is a derivative of pMQ6 with a pofycloning site inserted after the stop codon of the 
inserted D1 -AT2 gene. Plasmid pM06 was digested with EcoRI and Hindlll and annealed with two 
oligonucleotides forming the double-stranded region of the pofycloning site 5'- A AT TCA TAA 
CTA GTA GGA GGT CTG GCC ATC TAG A-3' and 5-TCG AAG ATC T AC CGG TCT GG A GGA TG A 
TCA ATA C-3": The mixture was ligated and transformed into E. coli TGI recO. Individual colonies 
were checked for their plasmid content. The desired plasmid pM034 (13.5 kbp) was identified by 
its restriction pattern. 

(iv) Construction of plasmid oMQ35 

Plasmid pM035 is a derivative of pM034 containing TKLS-AT2 gene and a translationally coupled 
crotonyl-CoA-reductase gene from Streptomyces coilinus (Wallace et al., E. J. Biochem, (1995) 
233: 954-962). The crotonyl-CoA-reductase gene was excised from the plasmid pZYB3 (the gift of 
Prof. K. Reynolds) as an Ndel - BamHf fragment, which was treated with mung bean nuclease to 
produce blunt ends and ligated into pM034 previously cut with Spel and likewise blunt-ended 
using mung bean nuclease. The ligation mixture was used to transform E. coli TG1 recO and 
individual colonies were checked for their plasmid content. The desired plasmid pM035 (14.2 
kbp), with the correct orientation of the crotonyl-CoA-ketoreductase gene, was identified by its 
restriction pattern. 

(v) Construction of plasmid pMQ36 

Plasmid pM038 was digested with Ball and Avrll and the insert was ligated with plasmid pM035 
which had been diaested with Ball and Avrll. The ligation mixture was used to transform F r.nli 
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recO and ind.vidua. colonies were checked fon their plasmid content. The des,red plasmid pM036 
(13.5 kbp) was identified by its restriction pattern 

(vt) Construction nf plasma n r..ATv 
Plasmid PM036 was digested with Ndei and Xbal and the insert was ligated with plasmid pCJR29. 
which had been digested with Nde. and Xbal and purified by gel eiectrophoresis. The ligation 
mixture was transformed into E.coli TG1 recO and individual colonies were checked for their 
Plasmid content. The desired plasmid pC-ATX was identified by its restriction pattern. 

ample tq ■ Conduction , nf nrythraea ^/nCATX and n^^ r , TKL i,^ 
Plasmid pC-ATX was used to transform S.ervthraea JC2 protoplasts. Thiostrepton 
resistant colonies were selected on R2T20 medium containing 1 o ^g/ml of thiostrepton. Several 
clones were tested for presence of pC-ATX integrated into the chromosome by Southern blot 
hybridisation of their genomic DNA with DIG-labelled DNA encoding the DEBS1-TE gene. 

A clone with an integrated copy of pC-ATX was grown in SSM medium, containing Spg/ml 
of thiostrepton. and allowed to grow for seven days at 28-30<C. After this time the broth was 
filtered to remove mycelia and the pH adjusted to pH 3. The broth was extracted twice with two 
volumes of ethyl acetate and the combined ethyl acetate extracts were washed with an equal 
volume of saturated sodium chloride, dried over anhydrous sod.um sulfate, and the ethyl acetate 
was removed under reduced pressure, to give about 500 mg of crude product. The products were 
characterised by gas chromatography, mass spectrometry and NMR, and were shown to be (28. 
3R. 4S. 5R)-2-methy|.4-ethyl-3,5-dihydroxy-n-hexanoic acid 6-lactoneand (2S. 3R. 4S. 5R)-2- 
methyl-4-ethyl-3,5-dihydroxy-n-heptanoic acid 6-lactone 
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Example 1h - Construction of S ervthraea NRRL 233B/ pC-ATX and its use in production of 14- 
membered macrolides 

Approximately 5mg pC-ATX DNA was used to transform S. erythraea NRRL 2338 

5 protoplasts to give a strain in which the plasmid is integrated into the chromosome. From several 

colonies, total DNA was obtained and analysed by Southern hybridisation to confirm that the 

plasmid has integrated in module 2 of EryAl to give a novel macrolide biosyntnetic pathway. 

Further integrations had occurred to give repeated plasmid sequences. S. erythraea NRRL 2338 

/pC-ATX was inoculated into tryptic soy broth containing 5 mg/mL thiostrepton and incubated at 

1 1) 30°C for three days. 1 00 mL of this seed culture was used to inoculate 2 L of sucrose succinate 

defined medium containing 5 mg/mL thiostrepton in 5 x 2 L flasks each containing 500 mL medium 

with 2 springs to aid dispersion and shaken at 300 rpm. After a further 5 days of growth the 

cultures were centrifuged and the pH of the supernatant adjusted to pH 9. The supernatant was 

then extracted three times with an equal volume of ethyl acetate and the solvent removed by 

1 5 evaporation. Products were analysed by HPLC-MS and two macrolide products were identified 
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Example 1i- Constructing nf r i aS miri pr-ATp 

Plasmid PC-AT12 is an SCP2* based plasmid containing a PKS gene comprising the ery 
loading moduie. the first and second extension modules of the ery PKS and the ery chain- 
5 terminating thioesterase. except that the DNA segment encod.ng the meth y imalony,-CoA:ACP 
acyitransferase within the second extension modu.e has been specify substituted by the DMA 
encoding the ma,ony,-CoA:ACP acyitransferase of modu.e 2 of the rap PKS. ,t was constructed via 
several intermediate plasmids as follows (Figure 1 1) 
(OConstriict.inn of r i n «rmj d pM n?* 

«o The appro*™** 1 .0 Kbp DNA segment of the eryA, gene of S. erythraea extending from 

nucleotide 6696 to nucleotide 7707 of eryA, (Donadio S. et a, . Saence 0991 ) 252. 675-679) 
was amplified by PGR employing as primers S ynthet.c ol.gonucleot.des: 5-GGCGGGTCCGGA 
GGTGTTCACCGAGTT-3'and 5' -ACC TTG GCC AGG GAA GAC GAA CAC TGA-3', and plasmid 
PNTEP2 as a temp,ate. The PGR product was end-repa,red and ..gated with plasm^ P UC18. which 
IS had been linearised by digestion with Sma. and then treated with alkaline phosphatase. The 
ligation mixture was used to transform Eco.i TGtrecO and -ndividua, co.onies were checked for 
their p.asmid content. The desired p,asm,d pM025 (3.6 kbp,. in wh,ch the Stu. site bordering the 
insert is adjacent to the Hindll. site in the polylinker. was .dentified by rts restriction pattern. 
<■) Construr^inn pf piasmfrl p^npc 

20 The approx.mate.y 0.6 kbp DNA segment of the eryA, gene of S. erythraea extending from 
nucleotide 8660 to nucleotide 9258 of eryA,. was amp,ified by PGR employing as primers the 
synthetic oligonucleotides: 5'-TCC TAG GCC GGG CCG GAC TGG TCG ACC TGC CGG GTT-3' and 
5'-AAA CAC CGC GAC CTG GTC CTC CGA GC-3'. and p.asmid pNTEP2 as temp,ate. The PGR 
product was end-repaired and ligated with p.asmid P UC18. wh,ch had been .inearised by digestion 

* w,th Sma. and then treated with a. kaJ ine phosphatase. The .igation mixture was used to transform 
E. con TGtrecO and individua. co.onies were checked for their p,asmid content. The desired 
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plasmid pM026 (3.2 kbp), in which the Avrll site is adjacent to the Hindlll site of the poiylinker, was 
identified by its restriction pattern. 

(iii) Constr uction of plasmid DM027 
Plasmid pM025 was digested with EcoRI and Ball and the 1.0 kbp insert was ligated with plasmid 
5 pM02 which had been digested with EcoRI and Ball. The ligation mixture was used to transform E. 
coli TG1 recO and individual colonies were checked for their plasmid content. The desired plasmid 
pM027 (4.4 kbp) was identified by its restriction pattern. 

(\v) Construction of plasmid DMQ32 
Plasmid pM026 was digested with Avrll and Hindlll and the 0.6 kbp insert was ligated with plasmid 
I0 pM027 which had been digested with Avrll and Hindlll. The ligation mixture was used to transform 
E. coli TG1 recO and individual colonies were checked for their plasmid content. The desired 
plasmid pM032 (5. 1 kbp) was identified by its restriction pattern. 

M Construction of plasmid dMQ33 
Plasmid pM032 was digested with BspEI and SexAl and the 2.7 kbp insert was ligated with plasmid 
15 pNTEP2 which had been digested with the same two enzymes and purified by gel electrophoresis 
to remove the 2.8 kbp insert. The ligation mixture was transformed into Ecoli TG1 recO and 
individual colonies were checked for their plasmid content. The plasmid pM033 (12.8 kbp) was 
identified by its restriction pattern. 

(vft Construction of Plasmid OC-AT1 2 
20 Plasmid pM033 was digested with Ndel and Xbal and the insert was ligated with plasmid pCJR29. 
which had been digested with Ndel and Xbal and purified by gel electrophoresis. The ligation 
mixture was transformed into E coli TGIrecO and individual colonies were checked for their plasmid 
content. The desired plasmid pC-AT12 was identified by its restriction pattern 



25 Example 1i - Construction of S . ervth raea JC2/PC- AT 1 2 and production pf TKl derivatives 
Plasmid pC-AT12 was used to transform S.erythraea JC2 protoplasts. Thiostrepton 
resistant colonies were selected on R2T20 medium containing 10 pg/mi of thiostrepton. Several 
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A done w,,„ an ,„ te9 , alea ropy 0( ^ was grown ^ mM um s 

r 01 m, ~ aM aitaM ,o ~ * - -e, , h ,s time tne » oth was 

.o remove my ce,ia „ ,*e PH aa/uslM , 0 pH 3 The ^ was ^ ^ ^ 
votumeso, ^^-^c^^.^^^,^,^ 

undo, ^ced _ „ g ,„ e atou , 5Qo mg o( cfuae t ^ ^ 

— • .o be ,3a 4S . SRM.n,e, h ,-,, a(hyafow . hexanoic ^ ^ ^ ^ ^ 
meih yl .3. 5 . dihy<)ro)(y . n . neptano|c aoM s |actone 




10 




15 &alT "" g '» ■ "nMn-if - s «~"-T r n MS B' -nmur in- , 

memlw~, M „ qW?^R,pf;.AT, ?a ^,„„ .e , pnnr ,„ r , in , |l| fL k 

Approbate* s M pC.*T, 2 ONA was usea , 0 translorm s . erythraM NRRL ..^ 
Protests ,o give a a™ in ««, me ^ „ ^ ^ ^ ^ 

co to n,es. tota, 0.A was obtained and ana lys ed * Southern hy6fia , satto „ „ ^ ^ ^ 

Fu,Ker i „,e gr a fo „ st , a()occurrM , ogiV9rBpM , e(lp|aOTWsequences g ^ 
*C-AT, 2 was rocu , alM inl0 , wic ^ Wotn s mjosirwon ^ ^ 

30-C,o„h,ee aay s 100 mL ol this seed culture was used to rnoculate 2 L o, sucrose succinate 
^ned medium containing s^mL tniosttepton in 5 x 2 L „as*s eacn containing 500mL 
=> -neaum w.n 2 spnngs to aid dispel and shaken a, 30o rpm After . Mnm 5 aays „ glomh 
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the cultures were centrifuged and the pH of the supernatant adjusted to pH 9. The supernatant 
was then extracted three times wtth an equal volume of ethyl acetate and the solvent removed by 
evaporation. Products were analysed by HPLC-MS and two macrolide products were identified: 




OH 



Example 11 - Construction of plasmid DCJR49 

pCJR49 is a pCJR24-based plasmid containing a mutant DEBS1-TE gene which has no 
ketoreductase in module 2. and the AT domain in module 2 has been replaced by RAPS AT2 in 
order to incorporate a malonyl extender instead of a methyimalonyl extender in the second module 
(Figure 12). 

pM032 was digested with BspEI and SexAl and the fragment containing the AT from RAP 
module 2 was cloned into pUC1-0 which had been previously digested with BspE I and SexA I, to 
yield the plasmid pCJR43. 

pCJR43 was digested with Ndel and Xbal and the fragment containing the mutant DEBS1 - 
TE gene was cloned into pCJR24 which had previously been digested with Ndel and Xbal, to yield 
plasmid pCJR49. pCJR49 was confirmed by restriction enzyme mapping. 

Example 1m - Constru ction of S. ervthraea JC2/oCJR49 and production of TKL derivatives 
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Approximately 5 M3 pCJR49 DNA was used to transform S. erythraea JC2 protoplasts to 
give a strain in which the plasmid is integrated into the chromosome From several colonies total 
DNA is obtained and analysed by Southern hybridisation to confirm that the plasmid has integrated 
into the eryTE. S. erythraea JC2/pCJR49 is inoculated into tryptic soy broth containing Spg / mL 
thiostrepton and incubated at 30°C for three days. 1 00 mL of this seed culture was used to 
inoculate 2 L of sucrose succinate defined medium containing s„ g /mL thiostrepton in 5 x 2 L 
flasks each containing 500 mL medium with 2 springs to aid dispersion and shaken at 300 rpm. 
After a further 5 days of growth the cultures were centrifuged and the pH of the supernatant was 
adjusted to pH 3. The supernatant was then extracted three times with an equal volume of ethyl 
acetate and the solvent removed by evaporation Products were dissolved in methanol and 
analysed by GCMS on a Finnegan-MAT GCQ System This analysis indicated that by comparison 
to synthetic standards two new lactones were present These products were (4S.5R)-4-methyl-3- 
keto-5-hydroxyhexanoic acid ft lactone and (4S.5R)-4-methyl-3-keto-5-hydroxyheptanoic acid ft 
lactone: 





Example in - Construction of S ervthra e a NRRL 2338/DCJR49 and its use for nroduction of 14- 
membered macrolirtes 

5/xg pCJR49 DNA was used to transform S erythraea NRRL 2338 protoplasts to give a 
strain in which the plasmid is integrated into the chromosome From several colonies total DNA is 
obtained and analysed by Southern hybridisation to confirm that the plasmid has integrated in 
module 2 of EryAI to give a novel macrolide biosynthetic pathway Further integrations had 
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occurred to give repeated plasmid sequences. S. erythraea /pCJR49 is inoculated into tryptic soy 
broth containing Sua /mL thiostrepton and incubated at 30°C for three days 1 00 ml_ of this seed 
culture was used to inoculate 2 L of sucrose succinate defined medium containing 5/ig/mL 
miostrepton in 5x 2 L flasks each containing 500rnL medium with 2 springs to aid dispersion and 
shaken at 300 rpm After a further 5 days of growth the cultures were centriluged and the pH of 
the supernatant adjusted to pH 9 The supernatant was then extracted three times with and equal 
volume of ethyl acetate and the solvent removed by evaporation. Products were analysed by 
HPLC-MS and two macrolides were identified: 



10 




NMe 2 




Fxamnle 2 - Construction of s ervthraea F RMD1 Carrying a Hybrid PKS Gene in which the avr 
15 Loading Didomain is Substituted for the e ry Loading Didomain of S ervthraea NRRL 233? 
(W Construction of p lasmid dAVLD 
Piasmid pCRabc (Example 1 ) was linearised with BamHI and iigated to P U702 previously digested 
with Bglll The mixture contained the desired plasmid pAVLD (Figure 5). The ligation mixture was 
transformed into E.coli TG1 recO and individual colonies were checked for their plasmid content. 
20 The desired plasmid pAVLD was identified by its restriction pattern (Figure 5). 
Ah Construction of S. prythrea ERMD1 
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Approbate* 5-10 „g of pAVLD. isolated from E. col. TGlrecO(pAVLD) was transformed into S. 
erythraea NRRL2338 and stable thiostrepton resistant colonies were isolated. One of these 
colonies was selected and total DNA was digested with Pstl and analysed by Southern 
hybridisation employing as a probe the insert from piasmid pCRc which contains the fragment of 
the ery Al gene encoding the ketosynthase domain KS1 . The analysis showed 
positively-hybridizing Pstl fragments of 8.5 kbp, 4.8 kb P and 33 kbp, .ndicating the presence of 
two tandemly integrated copies of pAVLD (Figure 6). 

Example 3 • Preparation Of Isonropvl and rec-R lf fvl Frvthromv™. , , ftH c ^ hrapa PWMpi 

A 50 mL fermentation of S. erythraea ERMD1 was carried out on tap water medium and 
after 4 days at 30«C the mycelium was harvested and used to inoculate 1.5 L of sucrose-succinate 
medium containing thiostrepton (50/yg/mL) After growth at 30<C tor 4 days, the whole broth was 
extracted twice with an equal volume of ethyl acetate. 

The combined extracts were concentrated under reduced pressure and subjected twice to 
preparative thin layer chromatography on silica plates (20 x 20cm) eluted with 
chloroform/methanol/.88 ammonia 8:2:0.01 (by vol). The products were further separated by 
HPLC on a PhaseSep C18 base-deactivated reversed-phase column S5 ODS (octadecylsilane) 6 
(4.6mm x 25 cm), eluted with methanol/0.5% ammonium acetate (70:30 (vol/Vol)), at 1 mUmin. 
Fractions were co.lected between 7 and 1 1 minutes from three separate injections, and the pooled 
fractions were re-injected in ten separate injections. The analogues containing an isopropyl side 
chain (isopropyl at R, of formula 1) derived from the incorporation of a 4-carbon (C-4; isobutyryl, 
starter unit eluted earlier, with the analogues containing a sec-butyl side chain (sec-butyl at R, of 
formula 1 , derived from the incorporation of a 5-carbon (C-5; 2-methybutyry.) starter unit emerging 
several m,nutes later. High resolution MS gave results for C-4 eryA, eryB and eryD analogues, and 
for C-5 eryA and eryB analogues, which correspond closely to those calculated: 
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Analogue 



Calc'dMass Measured Mass 



C5-eryA 762.5004 762.5021 



C4-eryA 
C5-eryB 



748.4847 748.4820 
746.4898 748.5077 



C4-eryB 732.4898 732.4933 

In these experiments natural erythromycins were present only in low or undetectable 
amounts, and there were no detectable amounts of eryC analogues The overall concentration 
ratio of C-4/C-5 compounds in the fermentation broth, as assessed by ESMS of ethyl acetate 
extracts ol broths, was between 4 1 and 6:1 in favour of C-4 compounds. The ratio of A:B:D 
analogues is variable, about 15:60:25. but with an increasing proportion of A analogues as the 
fermentation proceeds. The total yield of erythromycins is about 400 , ig /Mre. No supplementation 
with either isobutyric or 2-methylbutyric acid was performed. Thus, it would appear that the 
isobutyryl and 2-methylbutyryl starter units are derived from endogenously supplied precursors, 
analogous to the synthesis of natural avermectins (e.g.. Hafneretal. (1991). J Anti Wot.. 44:349- 

356). 

Example 4a - Construction of S ervt n r^ea NRRL 2338/pKal 

Approximately 5 ng of plasmid plG1 was transformed into protoplasts of S. erythraea NRRL 
2338 and stable thiostrepton resistant colonies are isolated. From several such colonies, total 
DNA was obtained and analysed by Southern hybridisation, to confirm that the plasmid had 
integrated specifically into eryAI. and Southern analysis also showed that the site of integration was 
appropriate to generate a mutant capable of producing altered macrolides via the ave loading 
module. 

Example 4b - Construction of S eryt hraea NRRL 2338/pND30 
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Approximates 5 n o, plasmid mD30 „ as , rans)om , M ^ ^ $ 

NRRL ,338 an, staMe tniostrepton reasan, coionles are Isotated. F ro m severe, ^ ^ 

grated spe*a„ y mto 8fyA , M ^ maws a|5o ^ te w ^ ^ 
module. 



WY flnn f^ec-Butyl Frytriromvr.ng i , i pir , s p^hr^ 

•o M soo m L „, m „ med , um ^ ^ a ^ ^ ^ 

wa Slilte r M ,orer„ W ernvce, i ,a nam ene„,a d « m ,ee,„ es « aQuartervo|umeo(effiy , 
» acefcte. Tne combed etny, ^ ^ _ ^ ^ ^ ^ ^ 

so,ven,,emovedPvevapo,at,on o, „e pro a „ mi , u ,e usln9 Gc ana elec , rospray Ms 
revealed that ot a total of 5-6 mg/L of 14-membered macro'ide products, the major component was 
o (aBoiJt , 5 ^ ^ 01her romponenis ^ ^ 

-«-V«n,h,omvc,„Ba Ms «.^ ry , nromvctnA .sopropyl.erytnromv.nsA.BandOand 
0 rt -^ n> *. A . B „ ft Se^ae,^^,,,^ 

approbate, tc-,5 taes more „t»e novel ^ and sec-butvl-erytnrom^s compared ,„ 
^eou i valet„s. e ^ a e a e,M D ,oons,r« (S ee E «am W e 2) *ar,dem«n gm ecapa^ 

KS s. Aga,n. no supplementation „„„ atne , lsobuVrfc „ ^ ^ 

Thus. « «« apDear , ha , me isoeu|m , aM 2 . mahy|bw amef ^ ^ ^ 

endogenously supplied precursors. 
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rnmp|r ^ p-nyptjn p m i.^i^nmnvl and 13 ^ r-ft rt yl Frythromycins Using S. erythraea 
MRRI 2338/ONP30 

S. erythraea NRRL 2338/pND30 was inoculated into tap water medium containing 50 

5 //g/mL thiostrepton and allowed to grow for four days at 30°C. After this. 20 mL of the mycelium 
was used to seed 500 mL of sucrose-succinate med,um contain.ng 50 M g /mL thiostrepton, in a 2L 
flask with a single spring to reduce clumping, shaken at 280 rpm After between 3.5 and 6 days. 
,he broth was filtered to remove mycelia and then extracted three times with a quarter volume of 
ethyl acetate. The combined ethyl acetate extracts were dried over anhydrous sodium sulphate 

,0 and solvent removed by evaporation. Analyst of the product mixture using GC and electrospray 
MS revealed that of a tota. of 5-6 mg/L of 14-membered macrolide products, the major component 
was sec-butyl-erythromycin D (about 1.5 mg/L), with other components present being 
sec-butyl-erythromycin B and sec-butyl-erythromycin A: isopropyl^rythromycins A, B and D: and 
small amounts of natural erythromycins A. B and 0 S erythraea NRRL 2338/pND30 produced 

,5 approximately 10-15 times more of the novel isopropyl- and sec-butyl-erythromycins compared to 
the equivalent S. erythraea ERMD1 construct (see Example 2) clearly demonstrating the capacity 
of the act. promoter and its cognate activator gene act.l-orf4 to enhance the expression of Type I 
PKS's. Again, no supplementation with either isobutyric or 2-methylbutyric acid was performed. 
Thus, it would appear that the isobutyryl and 2-methylbutyryl starter units are derived from 

20 endogenously supplied precursors. 

Pv^m piP fia - Proration of i ? - ^HnnPntvl-ervthromvcin R j .ring, S er ythraea NRRL 2MQtp\Q\ 

The culture S. erythraea NRRL 2338/plGl was inoculated into 50 mL tap water medium in a 
300 mL Erlenmeyer flask. After 36 hours incubation at 28<C. this flask was used to inoculate 3.5 L 
25 of ER Y-P medium ,n a 5 L minijar. The broth was .ncubated at 28<C with an aeration rate of 1 .75 
L/min Cyclopentane carboxylic acid ( 1 4 mL) was added after 24 hours and the fermentation was 
continued for 1 68 hours. After this time, the whole broth was adjusted to pH 8.5 with aqueous 
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sodlun, hydroxide and „„h ethy, acetate (10 L) The ^ ^ ^ ^ 

concent .o^ss^n^.ec^p^^^^,,^,^^^^^^^ 

Screen, TechnotoSy, piously wSh ^ ^ ^ ^ ^ ^ ^ 

sequentially eluted with ethyl acetate (4 x tOmL): dichioromethane:ntethanol (t:t) (2 x lOmL, 
d«o,o„,e,hane: m e,hano,_ (90 ., ;t) (1 „ , 0mL , ; ^emane^o, a mm ,„, a 
«.*.)(..* ** me*ano, B „ mL) « 7 . 10 wwe ^ ^ ^ 
rhis frec^ was repeatea o „ , he imun) Mg o(aum ws 

,*e,ca. ^o.oota^^ysoi.oon,^^^^ rasmas(unher 
preparative _p„ ase „ PLC usln* . 2orbax 7 ( , m ODS ^ ^ g ^ ^ ^ 
mofcie phase o, ace,on«e:0.os M a_ ^ ( , 3 , a 8m ^ ( „ ^ ^ 
Product o, i„,e,es, „on, tour sep,™ „ _ ^ ^ ^ 

Petore repeat p,ep a ,a„ve reversed-phase HPLC u s,no a BecW 5 „ m QDS ^ 

ace,oh„„l.:o. 05 M amm „„i um ^ (S0:50) ^ ^ ^ ^ ^ 
contatnino the produ* ol lmeres , from five ^ ^ ^ ^ ^ 

dryness to g ™ a pure w W e solK, ,7 mg) . The stature o, the product was conned * mass 
spectrometers, and nuctea, n,a g n„c resonance (NMR) specfroscopy as -Cows: 
HPLC retention time - Method A - 26.0 minutes 

APCI-MS -(M + H) + observed at m/e 758, requ,red for C40H72NO1 2 - 758 



SUBSTITUTE SHEET (RULE 26) 



WO 98/01571 



PCT/GB97/01810 



47 



O 




NMR data: 

Atom number ,3 C chemical shift, from ,3 C NMR spectrum 1 H chemical shift and multiplicity 



1 176.0 

2 45.0 2.89 1Hdq J = 9,4, 7 1 

3 80.4 4.02 1Hdd J = 9.4. 1.7 

4 39.2 2.08 1H multiple! 

5 83.8 3.59 1Hd J = 7.4 

6 75.4 

7 38.0 2.00 1Hdd J = 14.7, 10.8 

ca. 1.65 1H multiplet 

8 45.0 2.71 1Hdqd J = 10.6, 6.8. 2.6 

9 ca 220.0 

10 38.9* 2.98 1Hqd J = 6.8. 15 
H 69.4 3.73 1Hdd J = 9.9. 1.2 
1 2 38.8* 1 .71 1H multiplet 

13 78.3 5.19 1Hdd J = 10.5, 1.0 

14 41 7 2. 15 1 H br sextet 
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15 

16 

17 

18 

19 
20 
21 
22 
23 
24 
V 
2' 
3' 
4' 

5' 

6' 

7\8' 

1" 
2 ,. 



30 4 ca. 1.69 1H multiplet 

ca. 1.21 1H multiplef 
25 4 ca. 1.63 IHmultiplet 

ca. 1.52 1H mu/tiplet 
25 1 ca. 1.63 1H multiplet 

ca 1.52 1H multiplet 
29 0 ca. 1.69 IHmultiplet 

ca. 1.21 IHmultiplet 
1 5.8 1.183Hd J = 7.1 

9 24 1 13 3Hd J = 7.0 

27 4 1.46 3Hs 

185 1.143Hd J = 6.8 

9 -5 0.99 3Hd J = 6.8 

9 **6 0.863Hd J = 7.1 

1 03.2 4.43 1Hd J = 7.3 

70 9 3.24 1Hdd J= 10.3. 7.3 

65 4 2 51 1Hddd J = 12.0. 10.6, 4.1 

29 0 ca. 1.68 1H multiplet 

ca. 1.24 1H multiplet 
68 8 3.50 1Hbr sextet 

21 5 1.22 3Hd J = 61 

40 1 2.32 2x3Hs 

96 5 4.90 1Hd J = 4.6 

35 - 1 2.36 1Hd J =15,2 + small (<1 Hz) 

1.58 1H multiplet 

72.6 

78 0 3.02 1Hd J = 9.1 
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5" 65.6 4.01 1H multiplet 

6" 18.7 1.29 3Hd J = 6.3 

7" 21.4 1.24 3Hs 

8" 49.5 3.31 3H s 

* - Assignments for signal with asterisks may be interchangeable 



Example 6b - Preparation of 13-cvclopentvl-ervthromvcin B using S ervthraea NRRL 2338/DND30 
An experiment similar to example 6a. using the culture S. erythraea NRRL 2338/pND30, 
5 produces the compound exemplified in example 6a. 



Example 7a - Preparation of 13-cvclobutvl-ervthromvctn B using S. ervthraea NRRL 2338/p!G1 

The culture S. erythraea NRRL 2338/plGl was inoculated into 50 mL tap water medium in 
3 x 300 mL Erlenmeyer flasks. After 72 hours incubation at 28°C. this flask was used to inoculate 

10 3.5 L of ERY-P medium in 3 x 5 L minijars. The broth was incubated at 28°C with an aeration rate of 
2.0 L/min and stirring at 500 rpm. Two feeds of cyclobutane carboxyiic acid (1.4 mL) were added 
after 24 hours and 48 hours and the fermentation was continued for 168 hours. After this time, the 
pH of the whole broth was adjusted to 8.5 with aqueous sodium hydroxide and then extracted with 
ethyl acetate (20 L). The ethyl acetate extract was concentrated to dryness giving the crude 

15 product asagum (9.2g). A portion (2.3g)of this extract was dissolved in ethyl acetate (12.5 mL) 
and added to a prepacked silica gel cartridge (10 g; International Sorbent Technology) previously 
conditioned with ethyl acetate (10 mL). The column was sequentially eluted with ethyl acetate (4 x 
24mL); dichloromethane.methanol (9:1) (1 x 24 mL); dichloromethane:methanol (8:2) (2 x24mL); 
dichloromethane:methanol:ammonia (80:19:1) (1 x 24 mL); methanol (1 x24mL). Fractions 6-8 

20 were combined and evaporated to dryness. This fractionation was repeated on a remaining sample 
of gum (4.7 g). This enrichment step yielded ca. 41 5 mg of a solid containing the desired product. 
This was further purified by preparative reversed-phase HPLC using a Zorbax 7 urn ODS column 
(21.2 mm x 25 cm) using a mobile phase of acetonrtrile:0.05 M ammonium acetate (3:1 ) at 8 
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mL/min. Fractions, containing the product of interest, from five separate injections were combined 
and evaporated to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 
»im Uftrasphere ODS column (10 mm x 25 cm) using a mobile phase gradient of acetonitrile:0.05 M 
ammonium acetate (28:72) to acetonitrile:0.05 M ammonium acetate (50:50) over 18 minutes (flow 
rate 4 mL/min). Fractions, containing the product of interest, were combined and evaporated to 
dryness to give a pure white solid (27 mg) The structure of the product was confirmed by MS and 
NMR as follows: 

HPLC retention time - Method A - 22.3 minutes 

APCI-MS - (M + H) + observed at m/e 744. required lor C39H70NO1 2 - 744 



O 




NMR data: 
Atom number 

1 

2 
3 
4 



13 C chemical shift, from "CNMR 
spectrum 
176.3 

44.5 

80.4 

39.2 



*H chemical shift and multiplicity 

2.87 1Hdq J = 91.71 
4.03 IHd J=91 
2.08 iHmultiplet 
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5 
6 
7 



9 

10 

1 1 

12 

13 

14 

15 



83 9 
75 4 
37.7 

44.5 

219 4 
38.9 
69. 1 
37.3 
77.4 
37.0 
25.2 
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3.59 1Hd J = 7.4 

1.99 1H multiple! 

1.64 1Hdd J= 15.0, 3.0 

2.73 1H br doublet of pentets 

j = ca. 7.0. 3.0 

2.97 1Hqd J = 6.9. 1.1 
3.75 iHdd J = 10.2 + small 
162 iHmultiplet 
5.39 1Hdd J = 9.3. 1.1 
2.60 1Hbr sextet 

ca1.97 IHmultiplet 

ca182 IHmultiplet 



16 


17.7 


ca1.83 2Hmultiplet 


17 


24.2 


cal.93 IHmultiplet 






ca1.75 IHmultiplet 


18 


155 


1.17 3Hd J = 7.1 


19 


9.3 


1.12 3Hd J = 7.5 


20 


27.0 


1.46 3HS 


21 


18.0 


1.14 3Hd J = 7.1 


22 


9.1 


0.98 3Hd J = 6.9 


23 


9.3 


0.81 3Hd J = 7.1 


1* 


103.4 


4.43 1Hd J = 7.3 


2' 


70.9 


3 27 1Hdd J =10.3. 7.3 


3* 


65.2 


2.64 IHmultiplet 
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291 cai72 IHmultiplet 

ca 1 .22 1 H multiplet 



5* 68.7 
6 ' 21.0 



7\8' 
1" 
2" 

3" 
4" 
5" 
6" 
7" 
8" 



3.52 1Hbr sextet J = ca. 6.1 
1.23 3H<j J = 6.1 
40 0 2 38 2x3Hs 

96 8 4.89 1Hd J = 4 5 

34 7 2.38 IHmultiplet 

1.57 lHddJ = 15.0. 5.0 

72.5 

77 8 3.02 iHd J = 9.2 

65 3 4.02 IHmultiplet 

18 2 1 29 3Hd J = 6.2 



21.2 



1.24 3Hs 



491 3.31 3Hs 



Example 7b- Prgpgratipn of 13-cvclobutvl-ervthromvcin R usin g S ervthm^ mr rl 233R/nNnsn 
An experiment similar to example 7a. using the culture S. erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 7a. 

Example 8a - Preparation of 13- f3-furanv l ) - er vthromvcin B tiding S. ervthr a »« NRRL 2338/nlfii 

The culture S. erythraea NRRL 2338/plG1 was inoculated into 50 mL tap water medium in a 
300 mL Erlenmeyer flask. After 72 hours incubation at 28<C, this flask was used to inoculate 3.5 L 
of ERY-P medium in a 5 L minijar. The broth was incubated at 28<C with an aeration rate of 1 75 
L/min. 3-Furoic acid (1 .4 g in 6 mL methanol) was added filter sterilised after 24 hours and the 
fermentation was continued for 138 hours. After this time, the pH of the whole broth was adiusted 
to 8.5 with aqueous sodium hydroxide and then extracted with ethyl acetate (10 L). The ethyl 
acetate extract was concentrated to dryness giving the crude product as a gum (3.8 g). A portion 
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of this extract ( 1 . 9 g) was dissolved in ethyl acetate ( 1 0 mL) and added to a prepacked silica gel 
cartridge (10 g; International Sorbent Technology) previously conditioned with ethyl acetate (10 
mL) The column was sequentially eluted with ethyl acetate (4 x 24 mL); 
dichloromethane:methanol (9:1) (1 x 24 mL); dichloromethane:methanol (8:2) (2 x 24 mL); 

5 dichloromethane:methanol:ammonia (80:19:1) (1 x 36mL): methanol (1 x 24mL). Fractions 8 and 
9 were combined and evaporated to dryness. This fractionation was repeated on the remaining 
1 .9 g of gum This enrichment step yielded a solid containing the desired product. This was 
further purified by preparative reversed-phase HPLC using a Zorbax 7 ( »m ODS column (21 .2 mm x 
25cm) using a mobile phased acetonitrile:0.05M ammonium acetate (3:1) at 8 mL/min. Fractions, 

, o containing the product of interest, from three separate injections were combined and evaporated 
to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 M m Uttrasphere 
ODS column (10 mm x 25 cm) using a mobile phase gradient of acetonitrile:0.05 M ammonium 
acetate (28:72) to acetonrtrile:0.05 M ammonium acetate (50:50) over 18 minutes (flow rate 4 
mLAnin). Fractions, containing the product of interest, from three separate injections were 

15 combined and evaporated to dryness to give pure l3-(3-furanyl)-erythromycin B as a white solid (9 
mg) The structure of the product was confirmed by mass spectrometry. 
HPLC retention time - Method A - 17.0 minutes 

APCI-MS - (M + H) + observed at m/e 756. required for C39H66NO1 3 - 756 
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Nmrdata 

Atom number 

1 

2 
3 
4 
5 
6 
7 

8 
9 

10 
1 1 
12 
13 




Approximate 13 C chemical 
shift, from 'H - ,3 C correlation 
data 
174.7 

44.4 

80.3 

39.5 

83.9 

75.0 

37.8 

44.8 
219.7 
39.2 
69.5 
414 
69.2 



1 H chemical shift and multiplicity 



2.93 1Hdq J = 8.1, 7.0 

4.14 1Hd J = 8.1 

2.18 1Hm J = 7.0, 7.2 

3.61 IHd J = 7.2 

2.07 1Hdd J = 14.6, 11.3 

1.70 1H dd J = 14.6, not resolved 

2.78 1Hbrm J = 11 .3, 7.0, 2.2 

3,05 1H dq J = 6.9, not resolved 

3 95 1 H dd J = 10.0, not resolved 

1.88 1Hdq J = 10.0, 7 0 

6.47 1H complex m 
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1383 7.31 1H complex m J= 0.7, 1.8 
124.3 

108 6 6.31 1H complex m. J = 1.8. 0.7 

142 .8 7 39 iHt J=1.8 

15 5 1.21 3Hd J = 7.0 ■ 

8 7 1 16 3Hd J = 7.0 

27 0 148 3Hs 

18 3 1.18 3Hd J = 7.0 

8 4 1.03 3Hd J = 6.9 

8 7 0.88 3Hd J = 7.0 

103 3 4.46 1Hd J = 7.4 

71 1 3.29 1Hm 

65 1 2.60 1H broad m 

29 3 1.78 iHm 
1.24 1Hm 

68.8 3.54 IHm 

20 7 1.24 3H d (obscured) 

40.0 2 39 2x3Hs 

966 4.88 1Hbrd J = 4.9 

35 2 2.39 1Hm 

1.59 1Hdd J = 15.0. 4.9 

71.7 

77 8 3.03 1Hd (obscured) 

66 1 4.03 1Hdq J = 9.0. 6.1 

18 3 1.30 3Hd J = 6.1 

2^2 ^ 26 3 ^ ^ 

491 3.33 3Hs 
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* Assignments indicated with an asterisk maybe reversed 



Example 9b - Preparation of 13-f3-furanvl).*rvthr 0 mv Cl n R nsinn s ervthrapa mrrl 2.r^/p Mn.^ 
An experiment similar to example 8a, using the culture S erythraea NRRL.2338/pND30, 
produces the compound exemplified in example 8a. 

Example 9a - Preparation of 13-qvclopronvl-Brvthromvcin R ..si n g S srvthrapa ^rr l 233B/nlfii 

The culture S. erythraea NRRL 2338/pld was inoculated .nto 50 mL tap water medium in a 
300 mL Erlenmeyer flask. After 72 hours incubation at 28°C. this flask was used to inoculate 3.5 L 
of ERY-P medium. Thiostreptone (105 mg) was added immed.ately after sterilisation The broth 
was incubated at 28°C with an aeration rate of 2 L/m.n and st.rnng at 500 rpm. Cyclopropane 
carboxylic acid (1 .2 mL) was added after 24 hours and the fermentatron was continued for 144 
hours. After this time, the whole broth was adjusted to pH 8 5 w,th aqueous sodium hydroxide and 
then extracted with ethyl acetate (3 L). The ethyl acetate extract was concentrated to dryness 
giving the crude product as a gum (1 .7 g). This extract (0.85 g) was dissolved in ethyl acetate (1 0 
mL) and added to a prepacked silica gel cartridge (10 g; International Sorbent Technology) 
previously conditioned with ethyl acetate (20 mL) The column was sequentially eluted with ethyl 
acetate (4 x 24 mL); dichloromethane:methanol (9.1) (1 x 24 mL); dichloro-methane:methanol (8:2) 
(1 x 24 mL);dichloromethane:methanol.ammonia (80.19 1) (3 x 24 mL); methanol (1 x 24 mL). 
Fractions 6-9 were combined and evaporated to dryness This fractionation was repeated on the 
remaining 0 85 g of gum. This enrichment step yielded a solid containing the desired product. 
This was further purified by preparative reversed-phase HPLC usmg a Zorbax 7 M m ODS column 
(21 .2 mm x 25 cm) using a mobile phase of acetonitrile:0.05 M ammonium acetate (3.1) at 8 
mL/min Fractions, containing the product of interest, from 4 separate ,n/ections were combined 
and evaporated to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 
Mm Ultrasphere ODS column (10 mm x 25 cm) using a mobile phase gradient of acetonitrile:0.05 M 
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ammonium acetate (28:72) to aceton,tr,le:0.05 M ammonium acetate (50:50) over 18 minutes (flow 
rate 4 mL/min). Fractions, containing the product of interest, from three separate Sections were 
combined and evaporated to dryness to give pure 1 3-cyciopropyl-erythromycin B as a white solid 
(9 mg). The structure of the product was confirmed by mass spectrometry. 
HPLC retention time - Method A - 17.9 minutes 

APCI-MS - (M + H) + observed at m/e 730, required for C38H68NO1 2 * 730 




NMRdata: 

Atom number Approximate ,3 C chemical shift, from 
'H - °C correlation data 

! 176.4 

2 44.8 

3 80.3 

4 39.5 

5 83.7 

6 75.2 

7 38.0 



1 H chemical shift and multiplicity 



2.88 1Hdq J = 8.5. 7.1 

4.04 1Hdd J = 8.5, 1.9 

2. 1 1 1 H br pentet J = ca 7 

3.58 1Hd J =7.5 

2.02 1Hdd J = 14.7, 10.9 
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8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

1* 

2' 

3' 

4' 

5' 
6' 
7\8' 

r 



45.1 
220.0 

39.0 
69.8 
40.4 
78.5 
13.2 

4 1 

2.7 

15.1 
9.3 
27.4 
18.3 
9 3 
9.3 
103.3 
71.0 
65.6 
29.0 

69.2 
20.9 
39.9 
97.1 



1.66 1H dd J = 14.7,2.8 
2.74 1Hdqd J = 10.9, 7.1, 2.8 

3.01 IHmultiplet 
3.76 1Hdd J= 10.0* ca1.4 
1.84 1Hdqd J= 10.0, 6.9, 1.2 
4.68 1Hdd J = 9.2, 1.2 
1.09 1H multiple! 
0.51 1H muftiplet 
0.42 1H multiple! 
0.51 IHmuttiplet 
0.29 IHmultipfet 
119 3Hd J = 7.1 
1.14 3Hd J = ca7.1 
1 46 3Hs 
1.16 3Hd J = 7.1 
1.001 3Hd J = ca 7.2* 
0.998 3Hd J=ca6.9* 
4.43 1Hd J = 7.2 
3.25 1Hdd J =10.3. 7.2 
2.54 IHbrddd J = ca 12.5, 10.3, 4 
1.69 IHmultiplet 
125 IHmultiplet 
3.51 iHbrdq J = call, 6 
1.22 3Hd J = 6.2 
2.33 2x3Hs 
4.87 1H brd J=ca5 
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2 .. 35 0 2.37 "IHbrd J = ca. 15 

1 57 IHdd J= 15.1,50 

3" 72.5 

4 ., 78 j 3.01 IHbrd J = 9.2 

66 0 4.02 IHdq J = 9.2. 6.2 



5" 
6" 
7" 

8- 49 3 3-3 2 3H s 

' Assignments indicated with an asterisk maybe reversed 



18 3 1.28 3Hd J = ca6.2 

21.0 124 3Hs 



Example 9b - Preparation of 1^ V d nD roDVl- e rythrnmvcin B using S. erythraea NRRL 2338/pND30 

An experiment similar to example 9a. using the culture S. erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 9a. 

Example 10a - Proration of i3-n-methvtthi ^ -^hN/l>-firvthromvcin B using S ervthrqeg NRRL 
333B7PIQ1 

The culture S. erythraea NRRL 2338/plG 1 was inoculated into 1 L tap water medium in a 
2.8 L Fernbach flask. Thiostreptone (50 mg) was added immediately after inoculation. After 84 
hours incubation at 29*C, this flask was used to inoculate 8 L of supplemented ERY-P medium (50 
g/L Dextrose, 30 g/L Nutrisoy flour. 3 g/L ammonium sulfate. 5 g/L NaCI. 6 g/L CaC0 3 , 10 g/L 
sucrose. 5 g/L corn steep solids, 0.5 g/L MgSO, and 1 mL/L of P2000) in a 14 L fermentor jar. The 
broth was incubated at 28°C with an aeration rate of 8L/min. stirring at 800 rpm and with pH 
maintained between 6.9 and 7 3 with NaOH or H£O t ( 1 5%). Methylthiolactic acid (3.2 mL) was 
added after 24 and 48 hours Additional methylthiolactic acid (1.6 mL) was added after 120 hours. 
The fermentation was continued for 142 hours. After this time, the whole broth was centrifuged to 
yield centrate (34 L) which was loaded onto a XAD-16 resin column (600 mL. Rohm and Haas). The 
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resin column was then washed with water (1.8 L) and eluled wrth ethyl acetate (2.5 L) The ethyl 
acetate was partial* concentrated (to 250 mL) and then the product of interest was extracted into 
100 mM sodium phosphate buffer. p H 3.5 (13 L). The product was transferred back into ethy, 
acetate by adiusting the water to pH 9 with sodium hydroxide and then m.-xing with ethyf acetate 
(450 mL). The erythromycin rich ethyl acetate layer was separated, evaporated to a gum (5.0 g). 
and then resuspended into 20% methanol (120 mL) which was loaded onto a CG-161 resin 
column (1 00 mL; Toso Haas). The resin co.umn was sequentially eluted wrth 20% methanol (3 x 
100 mL,. 40% methanol (3 x 100 mL). 60% methanol (3 x 100 mL). 80% methanol (3 x 100 mL) 
and neat methanol (4 x 100 mL). The neat methanol fractions 2 and 3. containing the product of 
.merest, were evaporated to a solid (220 mg) and further purified over a reversed-phase 10 urn 
Kromasi. C18 HPLC column (75 mm x 25 cm), using a mob-.e phase of acetonrtnle.0.05 M 
ammonium acetate with 0. 1 % trifluoroacetic acid gradient (32.68) to (38:62) over 60 m.nutes at a 
flow rate of 215 mL/min. Fractions conta.ning the product of interest were combined (1.7 L). 
adjusted to P H 9 with sodium hydroxide and extracted into methylene chloride (300 mL). The 
methylene chtoride .ayer was separated and evaporated to dryness to yield partially pure product. 
The preparative HPLC step and extraction step was repeated to obtain pure 1 3-(l -methylth,o. 
ethyl). ery ,hromycin B (31 mg>. The structure of the product was confirmed by MS and NMR 
spectroscopy (Bruker DMX 500 MHz spectrometer) as follows: 
HPLC retention time - Method B - 14.9 minutes 

APCI-MS - (M+H) + observed at m/e 764. required for C 38 H 7 oNOi 2 S - 764 
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NMRdata: 



Atom i 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 



13 C(ppm) 
221.08 
176.10 
103.42 
96.93 
84.31 
80.69 
78.30 
76.17 
75.75 
73.11 
71.23 
69.84 
69.03 
66.18 



# Attached 'H 
0 
0 



M-Uppm) 



0 
0 
1 
1 
1 
1 



4.49 
4.94 
3.63 
4.06 
3.07 
5.42 



3.32 
3.77 
3.56 
4 06 
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15 65 99 1 2.68 



1 6 49.91 



18 45.26 



21 39.60 



24 37.68 



29 21.77 



36 9.70 

37 9 82 



3 3.36 



17 45 62 1 2.74 



1 2 Q« 



19 40 61 3 2 46 

20 40 01 1 2-83 



1 2.14 



22 38.94 1 3.04 

23 3844 2 2.03/1.70 



1 2.44 



25 3547 2 241/1.63 

26 29.66 2 1 79/1.32 

27 27.70 3 !.5i 

28 21.89 3 1 2 9 



3 1.28 



30 19.08 3 L33 

31 18.92 3 1 20 

32 18 . 19 3 1 33 

33 16.29 3 123 

34 11H 3 212 

35 10.16 3 1 0 7 



3 117 
3 0 90 



Ex ample? 1Qh - Preparation of ™-n- mPth WNn.^-^ r 0mvrin R „ fiinn R NRR| 
2 3_38/dND3 Q 
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An experiment similar to example 10a. using the culture S. erythraea NRRL 2338/pND30, 
produces the compound exemplified in example 10a. 

Pvar ppiP 1 1 ■ Preparation n1 i3-cvclob u lYf-«rvthmmvcin B using S. erythraea NRRL 2339 
5 The culture S. erythraea NRRL 2338 was inoculated into 50 mL tap water medium in a 300 

mL Erlenmeyer flask. After 48 hours incubation at 2S°C. this flask was used to inoculate 50 mL of 
ERY-P medium in a 300 mL Erlenmeyer flask The broth was incubated at 28"C. Cyclobutane 
carboxylic acid (20 mL) was added after 24 hours and the fermentation was continued for 1 68 
hours After this time, the whole broth was adjusted to pH 8.5 with aqueous sodium hydroxide and 
io then extracted with ethyl acetate (50 mL) The ethyl acetate was separated and concentrated to 
dryness The sample was redissolved in methanol (1 m L) for HPLC-MS analysis This confirmed 
the production of 13-cyclobutyl-erythromycin B, by the untransformed. non-recombinant NRRL 
2338 as described in example 7 for the genetically-engineered strain containing the ayr loading 

module (NRRL 2338/plG1 construct). 
15 HPLC retention time - Method A - 22 3 minutes 

APCI-MS - (M + H) + observed at m/e 744. required for C39H70NO1 2-744 

Pvam pip 1? - Proration iB-^loproDVl-prvthromycjn B using S. yvftrffffl NRRL , 2338 

The culture S. erythraea NRRL 2338 was inoculated into 50 mL tap water medium in a 300 

20 mL Erlenmeyer flask. After 48 hours .ncubatton at 28«C. this flask was used to inoculate 50 mL of 
ERY-P medium in a 300 mL Erlenmeyer flask. The broth was incubated at 28<C. Cyclopropane 
carboxylic acid (20 mL) was added after 24 hours and the fermentation was continued for 168 
hours After this time, the whole broth was adjusted to pH 8 5 with aqueous sodium hydroxide and 
then extracted with ethyl acetate (50 mL). The ethyl acetate was separated and concentrated to 

25 dryness. The sample was redissolved in methanol (1 mL) for HPLC-MS analysis 
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5 



This confirmed the production of 13-cyclopropyl-erythromyc.n B. by the ^transformed 
non-recombinant NRRL 2338 as described in examp le 9 for me genetica„y-engineered strain 
containing the avr loading module (NRRL 2338/plGl construct) 

HPLC retention time - Method A - 17.9 minutes 

APCI-MS -(M + H) + observed at m/e 730. requ.red for CsaHseNOi 2 - 7 30 



^^^^ 

The cu.ture S. erythraea NRRL 2338/plGl was inoculated into 50 mL tap water medium in 
3 x 300mL Er.enmeyer flasks. After 72 hours .ncubation at 28^. each flask was used to .noculate 
.0 3.5 L of ERY-P medium in 3 x 5 L m.n.ars. The broth was abated at arc with an aerat-on rate of 
2.0 L/min and stirring at 500 rpm. Two feeds of cyCobutane carboxyhc acid (1 4 mL) were added 
after 24 hours and 48 hours and the fermentation was cont.nued for 16 8 hours After ,h,s time the 
PH of the whole broth was adjusted to 8.5 with aqueous sod,um hydrox.de and then extracted with 
ethy, acetate (20 L). The ethy, extract was concentrated to dryness giving the crude product as a 
5 gum (9.2g). A portion (2.3 g) of.th.s extract (2 3 g) was dissolved in ethy. acetate (12.5 mL) and 
added to a prepacked sihca gel cartridge (10g; Internationa. Sorbent Technology) P revi 0 us.y 
conditioned with ethy, acetate (10 mL). The column was sequent,a„y eluted with ethy. acetate (4 x 
24 mL); dich.oromethane:methano. (9.1) (1 x 24 mL); dichloromethane methanol (8.2) (2 x 24 mL); 
dich,oromethane:methano,:ammonia (80:19:1) (1 x 24 mL); methane, (1x24 mL). Fractions6-8 
were combined and evaporated to dryness. This fractionation was repeated on the remaining 4.7g 
of gum This enrichment step yie,ded 415 mg of a so,id containing the desired product Th, S was 
further purified by preparative reversed-phase HPLC us,ng a Zorbax 7 fl rn ODS co.umn (21 2 mm x 
25 cm) using a mobi,e phase of acetonitri,e:0.05 M ammonium acetate (3.1) at 8 mL/min Fractions, 
containing the product of interest, from 5 separate injections were combined and evaporated to 
dryness before repeat preparative reversed-phase HPLC using a Beckman 5 M m Ultrasphere ODS 
column (,0 mm x 25 cm, us,ng a mobile phase grad.ent of aceton rt n,e:0.05 M ammon,um acetate 
(28.72) to aceton«n te :o.05 M ammon.um acetate (50:50) over 18 minutes (flow rate 4 mL/min) 
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Fractions, containing the product of interest, were combined and evaporated to dryness to give a 
pure white solid (4 mg). The structure of the product was confirmed by MS and NMR spectroscopy 
as follows: 

HPLC retention time - Method A - 1 7.5 minutes 

APCI-MS - (M + H)* observed at m/e 760. required for C»H ro N0 13 - 760 



O 




Nmrdata: 

Atom number Approximate 13 C chemical shift, from 'H - "C 'H chemical shift and multiplicity 

correlation data 



1 


176.1 




2 


44 7 


2.88 iHmuttiplet 


3 


79.8 


3.99 IHmultiplet 


4 


39.3 


1.97 IHmultiplet 


5 


83.4 


3.57 1Hd J = 7.6 


6 


75.4 




7 


38.3 


1 .92 1 H multiplet 



172 IHmultiplet 
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8 45.1 

9 222.5 
1 ° 37.4 

11 69.1 

12 76.1 

1 3 77.1 



14 



16 



17 



3' 
4' 



1" 
2 M 



34.8 



15 26.7 



18.8 



24.8 



1 8 15.8 
20 
21 

r 



103.0 

2# 71.0 



65.3 



5 ' 69.2 
6* 



7 '* 8 ' 40.0 



34.7 



73.0 



2.70 IHmuftiplet 

3.07 1Hbrqj=:7.o 
3 77 1Hbrs 

5.10 1Hd J = 7.1 
2.86 IHmuftiplet 
1.98 IHmumplet 
1.80 IHmuftiplet 
188 IHmuftiplet 
1.71 IHmuftiplet 
1.89 2H multiplet 
1.19 3Hd J = 7.0 



269 1.47 3Hs 

18,1 1.16 3Hd J = 7.0 



4.42 1Hd J = 7.2 

3.24 1Hdq J = 10.4, 7.2 

2.51 1H multiplet 



287 1-68 IHmuftiplet 

1.26 1H multiplet 



3.49 IHmuftiplet 

21 3 1.23 3Hd J = 6.2 



2.38 2x3Hs 



96 3 4.89 1Hd J = 4.5 



2.38 IHmuftiplet 

1.57 1Hdd J = 15.0. 5.0 
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4.. 78 0 3.02 1Hd J = 9.4 

5 .. 6 4.00 1H multiplet 

6 .. 18 4 1.29 3Hd J = 6.2 

7 „ 21.3 124 3Hs 

Q.i 49 4 3.32 3Hs 



Fxamnle 13b - Preparation nf 13-cvclobu t yi-prvthromvdn A using S. erythraea NRRL 2338/pND3Q 
An experiment similar to example 13a. using the culture S. erythraea NRRL 2338/pND30, 
produces the compound exemplified in example 13a. 

Example 14a - Preparation of 13-cvcloDrp p yi-ftrvthromvcin A using S erythraea NRRL 2339/plG1 
Six 2800 mL Fernbach flasks were inoculated with S. erythraea NRRL 2338/plG1 Each 
flask contained 1 L of tap water med.um with 50 mg of thiostreptone added to each flask. After 24 
hours of incubation at 28°C. 200 ppm of cyclopropane carboxylic acid was added to each flask. 
The flasks were incubated for 90 hours and composited into a sterile. 8 L aspirator bottle. The 
aspirator bottle was used to inoculate 314 gallons of ERY-P medium in a 500 gallon pilot vessel. 
The broth was incubated, run at 27'C to 29°C. at a pH ranging from 6.7 to 7.4. with an aeration rate 
of 20 standard cubic feet/min and stirring at 1 75 rpm. Cyclopropane carboxylic acid (200 mg/L) was 
added after 33 hours, 81 hours and 1 17 hours. The fermentation was continued for 198 hours. 
After this time, the whole broth was tittered over a 0.2 ^m. ceramic fitter (30 ft 2 . U.S Filter). The 
filtrate was loaded onto an XAD-1 6 resin column ( 1 2 L; Rohm and Haas). The resin column was 
then eluted with ethyl acetate (60 L) The ethyl acetate was concentrated to a gum (302 g) to 
which 2 L of methylene chloride was added. The resulting methylene chloride solution was 
washed with 8 L of 250 mM sodium bicarbonate buffer. pH 9 The erythromycin rich methylene 
chloride layer was separated, evaporated to a gum (200 g). and then resuspended into 40% 
methanol (10 L) which was loaded onto a CG-161 resin column (9 L. Toso Haas). The resin column 
was washed with 40% methanol (30 L) and seguentially eluted with 75% methanol (8 x 1 0 L) and 
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neat methane, (3x10 L). The 75% methanol fraction. 5 through 8. containing the product of 
interest, were combined, and evaporated to 3.2 L The concentrate was ad/usted to P H 9 and 
added to 0.95 L of methane chloride. The methylene ch.oride layer was separated and 

evaporated to V-eld 12.4 g of a gum. Part of the gum (six grams) was further purified by preparative 
3 re - S ^eHPL^ 

phase of methanol:0.05 M ammonium acetate with 0. 1 % trifluoroacetic acid isocaratic (50 50) at a 
flow rate of 215 mUmin Fractions containing the product of interest were combined (230 mL) 
evaporated to a concentrate (1 to readjusted to pH 9 with sodium hydroxide, and extracted into 
methy,ene chlonde (50 mL). The methylene chloride layer was separated and evaporated to 
• dryness to y,e,d 630 mg of partia(ly pure product AnQther ^ Qf ^ ^ ^ ^ ^ 

further purified by preparative reversed-phase HPLC usrng a MetaChem Inertsi, 10 M m C8 column 
(50 mm x 25 cm) us,ng a mobi.e phase of acetonitrile.0. 05 M ammonium acetate with 0 1% 
trifluoroacetic acid graven, (20:80) to (25 75) over 50 minutes at a flow rate of 125mL/min 
Fraction., containing the compound of interest (28-46 minutes,, were combined, saturated with 
sodium bicarbonate and extracted with methylene chloride The methylene ch,oride was 
separated and evaporated to dryness to yieid 361 mg of partially pure product. A port,on of these 
Partially pure materials was further purified by reversed-phase HPLC as exemplified by 
Phenomenex Prodigy to ,m C18 column (50 x 250 mm) us-ng a mob„e phase of methanoi:0.05 M 
ammonium acetate with O.^trmuroacetic acid isocratic (50:50) at aflowrateof lOOmL/m.n 
Fractions, containing the product of interest (27-31 minutes), were combined, saturated with 
sodium bicarbonate, and extracted with methylene chloride. The methyiene ch.onde was 
separated and evaporated to dryness to yield partially pure product. Materia, was further purified by 
preparative reversed-phase HPLC usng a Phenomenex Prodigy 1 o M m C1 8 column (50mm x 25 
cm) using a mobile phase of methanol.0.05 M ammonium acetate with 0. 1 % trifluroacetic acid 
*socratic (48:52) at allow rate of lOOmL/min Fractions containing ,he product of interest (41-15 
m-nutes, were combined, saturated with sodium bicarbonate, and extracted with methylene 
chloride. The methylene chloride was separated and evaporated to dryness to y.eld 13- 
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cyclopropyl-erythromycin A as a solid (20 mg). The structure of the product was confirmed by MS 

and NMR spectroscopy (Bruker DMX 500 MHz spectrometer) as follows: 
HPLC retention time - Method B - 5.6 minutes 
APCt-MS - (M+H)* observed at m/e 746, required for C^HaNO* - 746 




NMR data: 



Atom# 
1 
2 
3 
4 
5 
6 
7 
8 
9 



"C(ppm) 
222.41 
175.88 
103.63 
96.75 
83.92 
80.25 
78.52 
78.42 
75.99 



# Attached 'H 
0 
0 



'H(ppm) 



4.45 
4.92 
3.60 
4 02 
4 74 
3.05 
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10 

1 1 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 



75.49 

73.05 

71.31 

69.46 

69.39 

66.02 

65.95 

49.93 

45.47 

45.23 

40.70 

40.00 

38.94 

38.46 

35.38 

29.07 

27 36 

21.94 

21.84 

19.08 

18.69 

17.38 

16.11 

12.38 

10.64 

9.60 

4 23 



0 

0 



3 
1 
1 
1 



1 

2. 
1 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

1 

3 
2 



3.27 
3.84 
3 52 
4.04 
2.49 
3.36 
2.74 
2 89 
2.34 
2.02 
1.96/1.76 

3. 15 
2.41/1.61 
1.71/1.28 
1.50 
1.28 
1.26 
1.32 
1.21 
131 
1.21 
1.20 
1 20 
1 16 
0.67/1.33 
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1 64 2 0.47/0.32 



Fvam plP 14b - Preparation of 13-cY rin proDvl-er y thrnmvcin A using S. erythraea NRRL 
233B/DNP30 

5 An experiment similar to example 1 4a. using the culture S. erythraea NRRL 233B/pND30. 

produces the compound exemplified in example 14a. 

Fvam ple isa- Preparation nf 13- f 3.thieP y"-prvthromvcin B using S. erythmwq NRR1 ?338/plQ1 

The culture S. erythraea NRRL 2338/plGl was moculated into 50 mLtap water medium in a 
10 300 mL Erlenmeyer flask. After 48 hours incubation at 28°C, 5 mL of this inoculum was used to 

.noculate 50 mLof ERY-P median .n a 300 mL Erlemneyer flask. The broth was incubated at 28°C. 
The N-acetyl cysteamine thioester of 3-thiophene carboxylic acd (20mg in 0.5 mL of methanol) 
was added filter sterilised after 24 hours and the fermentation was continued for 168 hours. After 
this time, the whole broth was adjusted to pH 8 5 with aqueous sodium hydroxide and then 
l s extracted with ethyl acetate (50 mL) The ethyl acetate was separated and concentrated to 

dryness. The sample was redissolved.n methanol (1 mL) for HPLC-MS analysis. This confirmed 
the production of 13-(3-thienyl)-erythromycin B. 

HPLC retention time - Method A - 20.0 minutes 

APCI-MS -(M + H)* observed at m/e 772, required for C^HaNC^S - 772 



20 



rv gn T i P m h - Proration of 1 3 - ^-th.gnvn-ervthrnmvcin B using S. p rythraPa NRRl 2338/pND3Q 

An experiment similar to example 15a, using the culture S. erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 15a. 

25 FxamnlP. 16 - PreP f ^nnf fi-deoxv-1 3 - c v c l op ro pyl -e rythromycin B using S erythraea NRRL 
18643 
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The culture S. erythraea NRRL 18643. an e^mutant of S erythraea (Sc.ence. 252 1 14 
5 Apri, 1991) was .noculated into 1 L tap water medium in a 2 8 L Fernbach flask. Cyclopropane 

three (3) days total incubation, one flask was used to .noculate 8 L of supplement ERY-P 
5 medium (60 g/L cereiose. 30 g/L Nutrisoy flour, 3 g/L (NH 4 ),SO, 5 g/L NaCl. 6 g/L corn steep 

solids. 0.5 g/L MgSC,, and 1 m^ P2000, in 14 L fermentor , arS The broth was abated at 28-C 
wrth an aeration rate of 8 L/min. stirnng at 800 rpm and with pH manned between 6 9 and 7 3 
with NaOH or Hj S0 4 05%). Cyclopropane carboxylic acid (16 mL) was added after 24 and 48 
hours The fermentation, done in duplicate, was harvested after t63 hours total incubation time 
o The P H of the whole broth was adiusted to 9 w,th sodium hydrox.de. and the broth was extracted 
wrth ethyl acetate (16 L). The ethyl acetate was concentrated to an o„ in a 20 L Buchi 
rotoevaporation unit. The o.l was dissolved with 500 mL of methane chloride. Five hundred 
mL of water was added to this liquid, and the P H of the aqueous phase was adjusted to 9 with 1 0% 
ammonium hydroxy. After shaking vigorously, the methylene chlor.de layer was coNected. and 
evaporated inal L rotoevaporation flask to yield n.Ogofoi.y residue: This materia, was disced 
with 250 mL of a 4:6 methanol.water solution, and loaded onto an 80 mL CG-161 res,n column 
(Toso Haas) Theco.umn was washed wrth 350 mL of 4:6 methanol :water solution The column 
was then briefly washed at 8 mL/m.n with a 7:3 methanol.water solufion. until coloured .mpurit.es 
began to elule from the column (approximately 2 bed volumes wash, At this time, a 1 hour 
gradient run was .nitiated, with the concentration of methanol changing from 70% to 100%. over a 
1 hour period, at a flow of 8 mL/min. The fraction conta.ning the product of interest was evaporated 
to dryness and further purified on a reversed-phase 1 0 ,m Kromasil C18 HPLC column (50 mm x 
25 cm,, using a mobile phase of acetonitri.e:buffer consistmg of 0.01 M ammonium acetate. 0.02% 
thfluoroacetic acid, and 26% acetonitrile (5.95) for 50 m.nutes at a flow rate of 120 mL/min This 
was followed by a linear gradient from (5:95) to (33.67) over the next 40 minutes. Fract.ons 
containing the product of interest were combined (530 mL). adjusted to a P H of 9 with 10% 
ammonium hvdrox,de. and extracted into methylene chloride (400 m L) . The methy,ene chlonde 



SUBSTITUTE SHEET (RULE 26) 



WO 98/01571 



73 



PCT/GB97/01810 



10 



15 



20 



25 



layer was separated and evaporated to dryness to yield purified 6-deoxy- 13-cyclopropyl- 
erythromycin B (12 mg). The structure of the product was confirmed by MS. 
HPLC retention time - method B • 21 .4 minutes 

APCI mass spectroscopy - (M+H)* observed at m/e 714. required for C^NO* - 714 

Fv a mnlP 17- Pr^r^nnnffi-den v Y-i^nrnnvt-ervthromvcin Busing prvfnrqfta NRRl 18643 

S. erythraea NRRL 1 8643 was inoculated from a three day patch on _ YPD agar (0.5% Difco 
yeast extract, 0.5% Difco Bacto peptone, 0.25% dextrose. 0.5% MOPS, 1 .7% Difco Basto agar, 
pH adjusted to 7.0) into 25 mL of _YPD broth (0.5% Difco yeast extract, 0.5% Difco Bacto 
peptone. 0.25% dextrose. 0.5% MOPS. pH adjusted to 7.0) in a 250 mL Erlenmeyer flask. The 
flask was incubated at 225 rpm. 29»C. for 48 hours. 2.5 mL were inoculated into 25 mL ERY-P 
medium (5% dextrose. 3% Nutrisoy flour, 0.3% (NH<),S0 4 . 0.5% NaCI. 0 6% CaCO a , P H adjusted 
to 7.0) and .ncubated at 225 rpm. 29°C. for a total of 6 days. Butyric acid was added to ihe flask at 
24. 72 and 120 hours (400 ppm. 400 ppm. 200 ppm. respectively). Whole broth pH was then 
adjusted to9.l using 1N NaOH. The sample was extracted twice with an equal volume of ethyl 
acetate. Ethyl acetate phases were concentrated to dryness under nitrogen (50°C water bath), 
then resuspended in 1 .0 mL methanol for HPLC-MS analysis. This confirmed the production of 6- 
deoxy-13-propyl-erythromycin B. 

HPLC retention time - Method C - 23.5 minutes 

APCI-MS- (M+H)' observed at m/e 716. required for C^NO,, ■ 716 

Example 1R - Evaluation Antibacterial Activity 

An in vitro antibacterial assay was performed in microliter and interpreted according to 
PoHnrmanre Standi «nr Antimicrob ia l D i sk Suscep tibility Te^ - Sixth Edition; Approved 
Standard , published by The National Commrttee for Clinical Laboratory Standards (NCCLS) 
guidelines. Minimum inhibitory concentrations (MICs) were obtained versus various bacteria For 
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example. Staphylococcus aureus 80CR5 (macrolide susceptible strain) afforded values generally 
ranging from < 0. 1 to 1 56 ng/mL 
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Claims 

1 A compound of the formula i 



N(CHa) 2 




HsC ORi 3 



and to pharmaceutically acceptable salts thereof, wherein: 

5 R, is an alpha-branched C 3 -C„ alky!, alkenyl. alkynyl. alkoxyalkyl or alkylthioalkyl group any of 

which may optionally be substituted by one or more hydroxyl groups: a C s -C. cycloalkylalkyl group 
wherein the alkyl group is an alpha-branched C 2 -C 5 alkyl group, a C 3 -C 8 cycloalkyl or C 5 -C 8 
cycloalkenyl group, either of which may optonally be substituted by methyl or one or more 
hydroxyl or one or more C.-C alkyl groups or halo atoms, or a 3 to 6 membered oxygen or sulphur 

10 containing heterocyclic ring wh,ch may be saturated, or fully or partially unsaturated and which may 
optionally be substituted by one or more C,-C« alkyl groups or halo atoms; 
or R, is phenyl which may be opt.onally substrtuted wrth at least one substituent selected from C,- 
C. alkyl, C-C.alkoxy andC-C, a.kylthio groups, halogen atoms, hydroxyl groups, trifluoromethyl. 
and cyano; or R, may be with a formula (a) as shown below: 



(CH 2 ) 



(CHz) 




(CH 2 )c 



(CH 2 )o 



\ 

> 

/ 
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wherein X ,s O. S or -CH,. a . b. c. and d are each independently 0-2 and a + b + c + d < 5. 

R ? isHor OH; fVR,areeach independent* H. CH 3 . or CH ? CH 3 ; fl 6 is H or OH. and R 7 , s H 
CH, or CH ? CH 3 : R B is H or desosamine; R 9 is H. CH, or CH,CH 3 ; R B !S OH. mycarose (R I3 is H). or 



cladinose (R„ isCH 3 ). R„ is H; or R TO = R„ = D . and R. is H. CH 
defined compounds modified bj 
2. A compound of the formula 2 



or CH 2 CH 3 . : or any of the above 
dainea mfomlt modi( , M „ y rep|aa „ g one o , m , CHOH of . CHOfl ^ ^ ^ ^ 



N(CH 3 ) 2 



R,CH 




2 o" 



H 3 C ORi 3 



and to pharmaceutical* acceptable salts thereof, wherein. 

R, is H. C-Calkyl. C.-C, alkenyl. C ? -C e alkynyl. alkoxyalkyl or alkylthioalkyl containing from 1 
to 6 carbon atoms in each alky, or alkoxy group wherein any of said a.kyl. alkoxy alkenyl or alkynyl 
groups may be substituted by one or more hydroxy, groups or by one or more halo atoms: or a C 3 - 
C 8 cycfoalkyi or C 5 <; 8 cvcloalkenyl either of which may be optionally substrtuted by methyl or one or 
more C,-C 4 alky, groups or halo atoms; or a 3 to 6 membered oxygen or sulphur containing 
heterocyclic ring which may be saturated or fully or partially unsaturated and which may opt.ona.ly 
be substituted by one or more C,-C, alky, groups or halo atoms: or a group of the formula SR ,., 
wherein R ,, is C,^ fl alky.. C ? - C B alkenyl. C ? -C fl alkyny.. C 3 -C, cycloalkyi. C 5 -C„ cyc.oa.keny,. phenyl or 
substituted phenyl where.n the substituent is C.-C, alky.. C,-C, alkoxy or ha.o or a 3 to 6 membered 
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oxygen or sulphur-containing heterocyclic ring which may be saturated, or fully or partially 
unsaturated and which may optionally be substituted by one or more C<C< alkyl groups or halo 
atoms. 

RjisHorOH; R,-R 6 are each independently H. CH 3 . or CH,CH 3 ; R„ is H or OH; and R 7 is H. 
CH 3 . or CH ? CH 3 ; R e is H or desosamine; R 9 is H. CH 3 . or CH,CH 3 ; R. «s OH. mycarose (R* is H). or 
c.ad.nose <R„ isCH,). R„ isH; or R rt = R„ - O; and R„ is H. CH 3 . or CH,CH 3 . with the proviso that 
when R 3 -R, are CH, R, is CH 3 , R B is CH 3 . and R. is CH, then R, is not H or C, alky.; or any of the 
above defined compounds modified by replacing one or more -CHOH or -CHOR groups by a keto 
group 

3 A compound of the formula I as claimed in claim 1 wherein R, is a C^cycloalkyl or 

cycloalkenyl group which may be optionally substituted by one or more hydroxy, groups or one 
or more C,-C„ alkyl groups. 

4. A compound of claim 3 wherein R, is cyclopropyl. 

5 A compound of claim 3 wherein R, is cyclobutyl. 

6. A compound of claim 3 wherein R, is cyclopentyl. 

7 A compound of claim 3 wherein R, is cyclohexyl. 

8. A compound of claim 1 wherein R, is an alpha-branched C^a.kyl. alkenyl. alkynyl. alkoxyalkyi 

or alkylthioalkyl group. 

9 A compound of claim 8 wherein R, is isopropyl. 

10 A compound of claim 8 wherein R, is sec-butyl. 

1 1 A compound of claim 8 wherein R, is 2-buten-2-yl. 2-penten-2y,. or 4-methy.-2-penten-2-yl. 

12. A compound of claim 8 wherein R, is 1 -methylthioethyl. 

13. a compound of claim 1 wherein R, is a 5 or 6 membered oxygen or sulphur containing 
heterocydic ring which may be optionaHy substituted by one or more hydroxy, groups or C,C, 
alkyl groups or halogen atoms 
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14. A compound of claim 13 wherein R, is 3-thienyl. 

1 5. A compound of claim 13 wherein R, is 3-furanyf. 

16. A compound of claim 1 wherein R, is phenyl. 

1 7. A compound of claim 1 wherein R , is a oroup of form- ^ - h - 

„ u^y, u.m^^a, «" 0 , c „, a andbareu.canddare 1 

5 andXis-CH ? -. 

18. A compound of claim 1 wherein R, is a group of formula (a) wherein a and b are 0. c is 1 . d is 2 

and X is -CH 2 - 

19. Acompoundofclaim t wherein R, is a group of formula (a) wherein a and b are 0. c and d are 1 

and X is 0. 

> 20. A compound of claim 2 wherein R, is SR M and R M ,s methyl or ethyl 

2 1 . A compound of claim 2 where,n R, is ethyl, propyl, butyl, isopropyi or sec-butyl 

22. A compound of claim 2 where.n R, is l-(thfluorometh y i)ethyl. 

23. A process for preparing a compound of formula 1_ as claimed in claim 1 or formula 2 as claimed in 
claim 2 wh,ch comprises fermenting an organism capable of producing erythromycin in the 
presence of a carboxylic acid of the formula R.CO.H wherein R, is as defined in c.aim 1 or claim 
2. or a salt, ester or amide thereof or oxidative precursor thereof to a. and isolating the 
compound of formulae I or 2. 

24 A process of daim 23 wherein the organism ,s Saccharopdyspora erythraea and which may 
optionally contain an effectively integrated plasmid capable of directing the biosynthesis of 
compounds of formula 1 Said p,asmid may optionai.y contain a Type .. PKS promoter/activator 
gene. 

25. A process of claim 24 wherein the organism Saccharopolyspora erythraea is selected from 
strains NRRL 233 8. 18643 or 21484 which may opt.onally contain an effect,ve.y integrated 
Plasmid capable of directing the biosynthesis of compounds of formula 1 Said plasmid may 
optionally contain the aetl promoter and its cognate activator gene ^ . 

26. A process of c.aim 25 wherein the optionai.y effectively integrated plasmid is pAVLD. P ,G1 . 
PND30. P CJR26. pCJR49. pC-AT 12 . pc-ATXor other similar constructs 
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27. A process of claim 25 wherein the organism is S. erythraea ERMD1. S erythraea NRRL 
2338/piG1, S. erythraea NRRL 2338/pND30 ( or other similar transformants. 

28. A pharmaceutical composition comprisrng a therapeutically effective amount of a compound 
according to claim 1 or claim 2 in combination with a pharmaceutical^ acceptable carrier. 

29. A method of treating a bacterial infection, or a disorder related to a bacterial infection, or a 
protozoal infection in a mammal, fish, or bird which comprises administering to said mammal, 
fish, or bird a therapeutically effective amount of a compound of claim 1 or claim 2 

30. Use of compound of claim 1 or claim 2 in the manufacture of a medicament for treating a 
bacterial infection in a mammal, fish or bird. 

3 1 Use of a compound of Claim 1 or Claim 2 for improving performance effects (such as weight 
gains, feed efficiency utilisation, milk yield, etc) in a mammal, fish, or bird. 
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Figure 1 . 
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Figure 2b. 
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Figure 



3b. 
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Figure 4b. 
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Figure 4c Construction of pND30 
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Figure 5. 
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Figure 8 
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Figure 9 
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